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TWELFTH   ANNUAL 


Report  of  the  State  Geologist* 


Iowa  Geologicax.  Survey, 

Des  Moines,  December  31,  1903. 

To  Governor  Albert  B.  Cummins  and  Members  of  the  Geological 
Board: 

Gentlemen  :  I  have  the  honor  to  report  that  the  Iowa  Geologi- 
cal Survey,  in  accordance  with  the  plans  approved  by  you  at  the 
beginning  of  the  working  season,  has  continiued  its  investigation 
of  the  geology  and  geological  resources  of  the  state  during  the  year 
1903.  One  year  ago  Doctor  Beyer'?  report  on  tlie  Clays  and  Clay 
Products  of  Iowa  was  practically  finished  as  far  as  it  was  thought 
best  at  that  time  to  carry  the  work;  but  before  the  manuscript 
was  sent  to  press  conditions  arose  which  made  it  desirable  to  ex- 
amine some  new  fields,  to  review  somie  of  the  old  ones,  and  to 
make  a  number  of  additional  laboratory  tests.  This  enlargement 
and  revision  of  the  work  has  occupied  Professor  Beyer  during 
the  year.  The  manuscript  in  its  revised-  form  is  now  ready,  and 
I  take  pleasure  in  presenting  it  herewith  and  recommending  its 
publication  as  volume  XIV  of  tlie  Iowa  Geological  reports.  The 
work  is  one  which  is  timely  and  will  be  especially  welcome  to 
the  public.  It  is  certain  to  prove  of  great  usefulness  to  the  state 
in  the  stimulation  and  intelligent  direction  it  will  give  to  the 
great  industry  of  which  it  treats.  At  present  the  clay  products 
of  Iowa  stand  second  in  value  only  to  the  output  of  coal.    Clays, 

however,  are  much  more  generally  distributed  than  coal,  and 
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they  are  far  more  abundant  Relatively  speaking,  the  clay  in- 
dustiy  of  Iowa  is  yet  in  its  infancy.  With  workable  beds  that 
are  practically  inexhaustible,  and  almlost  limitless  varieties 
adapted  to  every  possible  use,  the  industry  has  an  assured  future 
of  growth  and  expansion  as  the  people  of  the  state,  increasing  in 
numbers,  in  wealth  and  in  culture,  demand  better  homes,  better 
public  buildings,  better  streets,  better  roads,  more  general  and 
more  artistic  imjprovements  of  numberless  kinds  into  which  the 
products  of  the  kiln  may  be  incorporated. 

The  work  on  which  this  report  is  based  has  been  in  progress 
for  a  number  of  years,  and  it  is  but  just  to  call  your  attention 
to  the  great  amount  of  patient  and  painstaking  labor  which  the 
preparation  of  such  a  mionograph  involves.  I  regard  it  as  a  duty 
as  well  as  a  privilege  here  to  acknowledge  the  indebtedness  of 
the  Survey  to  the  State  College  of  Agriculture  and  Mechanic 
Arts  which  has  so  generously  and  heartily  supported  Professor 
Beyer  and  his  associates  by  placing  at  their  disposal,  for  pur- 
poses of  the  day  investigation,  the  resources  of  its  testing  and 
other  laboratories.  Without  the  equipment  afforded  by  the  lab- 
oratories of  the  college  the  work  covered  by  the  report  could  not 
have  been  accomplished.  In  addition  to  work  on  the  monograph 
on  clays.  Professor  Beyer,  in  accordance  with  the  custom  of  past 
years,  has  collected!  and  tabulated  the  statistics  relating  to  the 
amnial  mineral  production  in  Iowa. 

The  collection  of  data  relating  to  the  artesian  waters  of  Iowa, 
anjother  line  of  special  work  in  which  the  Survey  has,  for  some 
time,  been  engaged,  has  been  kept  up  to  date  by  Prof.  W.  H. 
Norton  of  Cornell  College.  During  the  past  year  arrangements 
have  been  made  whereby  the  United  States  Geological  Survey 
will  co-operate  with  the  Iowa  Survey  in  the  study  of  the  state's 
artesian  waters.  Proifessor  Norton  will  do  the  work  for  both 
organizations,  and  the  expenses  will  be  divided  on  an  equitable 
basis  between  themi. 

The  topographic  work  of  the  United  States  Survey  in  north- 
eastern Iowa,  which  has  been  in  progress  for  a  number  of  years, 
was  practically  completed  last  suanimer.    It  is  almost  impossible 
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to  estimate  the  value  of  this  work  to  the  Iowa  Geological  Survey. 
It  has  covered  a  portion  of  the  state  in  which  the  satisfactory 
mapping  of  the  geological  formations  would  have  been  altogether 
impossible  without  the  aid  of  topographic  base  maps.  In  the 
report  on  Dubuque  county  the  Survey  made  use  of  the  U.  S. 
topographic  sheets  as  the  base  on  which  to  represent  the  geology. 
Through  the  courtesy  of  the  National  Survey,  similar  sheets  will 
soon  be  available  for  the  entire  driftiess  and  broken  area  in  the 
northeastern  part  of  our  state,  and.  the  geological  work  may  be 
completed  more  satisfactorily  and  with  far  less  labor  and  expense 
than  would  otherwise  have  been  possible. 

Further  co-operation  of  the  United  States  Survey  has  been  se- 
cured in  the  testing  of  cement-making  materials.  For  some  time 
the  Iowa  Survey  has  been  collecting  facts  relative  to  the  distri- 
bution of  deposits  presumably  available  for  the  manufacture  of  a 
good  grade  of  Portland  cement.  It  is  believed  that  Iowa  has  an 
abundance  of  such  materials.  The  final  decision,  however,  con- 
ceming  the  value  of  any  given  beds  can  only  be  reached  after 
thorough  and  expensive  tests,  and  these  the  Survey  has  no  means 
for  m)aking.  With  the  aid  of  the  United  States  Survey  these 
tests  can  now  be  made,  and  accordingly,  during  the  year,  the 
necessary  samples  have  been  collected  from  quite  a  number  of 
localities  and  forwarded  to  .Washington  for  the  purpose.  We 
shall  soon  be  in  position  to  make  authoritative  statements  on  the 
possibilities  of  making  Portland  cement  in  Iowa. 

As  foreshadowed  in  the  report  of  last  year,  the  Survey  is  now 
ready  to  begin  a  thorough  and  comprehensive  study  of  the  coals 
of  Iowa.  This  study  will,  as  a  matter  of  course,  include  an  inves- 
tigation of  the  modes  of  occurrence,  and  the  physical  and  chem- 
ical characteristics  of  our  Iowa  coals,  their  geographical  distri* 
bution  and  geological  relations,  the  thickness  and  persistence  of 
the  seams,  and  tiie  methods  of  prospecting  andJ  mining.  In  ad- 
dition to  the  lines  of  investigation  above  enumierated,  however, 
there  should  be  carefully  conducted  tests  on  the  effects  of  wash- 
ing in  preparing  the  coals  for  market,  to  what  extent  the  range 
of  utility  and  the  market  value  of  the  coal  have  been  improved, 
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and  how  far  the  improvement  justifies  the  added  expense.  There 
should  also  be  precise  tests  on  the  actual  steaming  value  of  the 
various  grades  and  sizes  of  coal  when  burned  on  a  working  scale 
under  the  boiler ;  tests  on  coking  and  gas-making  qualities ;  and 
experiments  on  the  briquetting  and  utilization  of  wastes.  The 
equipment  of  a  plant  for  making  scientific  coal  tests  on  a  com- 
mercial scale  is  quite  expensive,  but  it  now  seems  probable  that 
during  the  coming  season  arrangemients  can  be  made  to  have  the 
Iowa  coal  tested  with  scientific  precision  at  experimental  plants 
specially  designed  for  the  purpose,  by  the  United  States  Geolog- 
ical Survey ;  and  thus  we  shall  be  again  indebted  to  the  generous 
co-oj^eration  of  the  national  organization. 

The  other  work  carried  on  by  the  Survey  has  been  almost 
wholly  in  the  nature  of  areal  investigation  and  geological  map- 
ping. The  following  counties  have  received  attention  during  the 
year:  Emmet^  Palo  Alto  and  Pocahontas  in  the  area  of  the  Wis- 
consin drift,  which  were  examined  and  reported  on  by  T.  H. 
Macbride  and  R.  I.  Cratty;  Clayton  count)%  which  was  partly 
worked  by  A.  G.  Leonard  in  1902  and  finished  by  him  in  1903 : 
Clinton  county,  which  was  worked  by  Prof.  J.  A.  Udden  and 
Jan  Andreas  Udden;  Winneshiek,  which  was  nearly  completed 
by  Samuel  Calvin  and  M.  F.  Arey ;  and  Jasper  county,  in  which 
work  was  commenced  by  Ira  A.  Williams.  Some  reconnoissance 
work,  for  the  purpose  of  correlating  outcrops  in  Winneshiek  aud 
Clayton,  was  done  by  Leonard,  Calvin  and  Arey  in  Fayette 
county. 

Volume  Xni  of  the  Survey  reports  has  been  printed  and  dis- 
tributed during  the  past  year;  and  the  oflSce  work,  which  has 
greatiy  increased  in  the  volume  of  correspondence  and  in  other 
respects,  both  at  Iowa  City  and  Des  Moines,  has  been  kept  up  to 
date. 

The  Assistant  State  Geologist,  Professor  A.  G.  Leonard,  was 
called  to  North  Dakota  about  the  first  of  September,  to  fill  the 
position  of  State  Geologist  and  Professor  of  Geology  in  the  Uni- 
versity of  that  state,  and  Professor  T.  E.  Savage  was  elected  to  fill 
the  position  so  made  vacant. 
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MINERAL    PRODUCTION    OF  IOWA 


IN  1902 

BY 

S.  W.  BEYER 


VALUE   OP   MINERAL   PRODUCTION. 

1901. 

Coal $  8.051,806 

Clay 2.774,200 

Stone 794,278 

Gypsum 562,500 

Lead  and  zinc 16,500 

Iron  ore 4,876 

Total ,. $12,204,160 

1902. 

Coal $  8,058.779 

Clay 2.843.591 

Stone 673.361 

Gypsum 337,735 

Lead 11,178 

Iron  ore 

Total $  1 1 ,  924 ,  644 

MINERAL  PBODUiDTION  IN  IOWA  FOB  1902. 


BY  S.  W.  BEYER. 

Iowa  practioaJly  held  her  own  in  mineral  production  for  1902 
as  compared  with  1901  notwithstanding  the  unusual  amount  of 
inclement  weather.  Clay  and  coal  show  slight  increases  in  values 
but  falling  off  in  quantity  produced.  Stone,  more  sensitive  to 
weather  conditions,  shows  a  marked  shrinkage  both  in  value  and 
quantity  marketed.  The  production  of  lead  has  not  been  affected 
materially,  the  value  showing  a  small  loss.  The  production  of 
gypsum  shows  but  little  change.  Iowa's  one  iron  mine  was  not  a 
producer  during  1902.  The  number  of  producers  reporting  shows 
an  increase  of  six  per  cent  over  the  preceding  year  owing  largely 
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to  the  ferreting  out  of  the  country  coal  banks  and  small  quarries 
by  the  special  agents  of  the  Census  Bureau. 

The  number  of  producers  for  the  various  mineral  indHistries 
of  the  state  are  shown  below  in  parallel  columns  for  the  years 
1900  to  1902  inclusive. 

1900.  1901.  1902. 

Coal 231  242  274 

Clay 381  349  329 

Stone 170  229  273 

Gypsnm 7  7  7            ~ 

Lead  and  zinc 6  10  8 

Iron : 1  1  1 

Total 796  838  892 

The  statistics  for  clay  were  gathered  as  usual  through  the  co- 
operation of  Federal  and  State  Geological  Surveys.  The  sta- 
tistics for  the  other  mineral  products  were  secured  through  the 
Federal  Census  Bureau  acting  with  the  Division  of  Mining  and 
Mineral  Resources  of  the  United  States  Geological  Survey. 

As  during  preceding  years  the  producers  have  shown  a  com- 
mendable promptness  in  filling  out  and  returning  schedules  sent 
them  and  it  is  a  pleasure  to  accord  them  full  acknowledgment  for 
the  service  rendered  the  Survey. 

The  value  of  the  total  mineral  production  in  Iowa  for  1902  is 
shown  in  Table  I. 
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TABLE  No.  I. 
VALUE  OF  TOTAL  MINERAL  PBODOOTION  BY  COUNTIES  FOR  IMS. 


COUNTIBS. 
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• 

a 

in 
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9 

4a 
01 
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aneo 

o 

•#«  m^ 

^ 

s 

3 
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Adams 

Allamakee 

Appanoose 

Audubon 

Benton 

Black  Hawk 

Boone 

Bremer 

Buena  Vista 

Buchanan  

Butler 

Calhoun 

Carroll 

Cass 

Cedar 

Cerro  Gordo 

Cherokee 

Chickasaw 

Clarke  

Clayton 

Clinton 

Crawford 

Dallas 

Davis 

Decatur 

Delaware 

Des  Moines 

Dubuque 

Emmet 

Payette 

Floyd 

Fremont 

Franklin 

Greene 

Grundy  

Guthrie 

Hamilton 

Hancock    

Hardin 

Harrison 

Henry 

Howard 

Humboldt 

Ida 

Iowa 

Jackson 

Jasper 

Jefferson 

Johnson 

Jones  


4 

21 

4 

53 
1 

14 

14 

21 

2 

3 

J 

1 

3 

1 

5 

4 

12 

1 

1 

8 

10 

16 

2 

14 

10 

9 

6 

17 

25 

1 

11 
11 
5 
1 
7 
1 
7 
4 
1 

12 
7 
6 
6 
3 
1 
5 
7 
25 
8 
9 
15 


42,193 
i. 284, 253' 


509,624 


37.557 
16  573 


15.345 


4,875 


334.963 
19,t78 


12.210 
26.652 


15,950 
12.300 
22,423 
15,104 
53,987 

1,252 

22.000 

280 

1,966 
14.500 

8.400 
12.405 

8,318 
211,420 

8,800 
600 

2,800 

7.608 
27,850 
11,820 
89,102 

2,775 

5,375 

6,800 

24,264 

29,400 

750 

14,710 

2.983 

14,528 

587 

25.000 

1,400 
34,630 
67,800 

2,350 
62,694 
22.345 
14.060 

7.500 
11.000 

4.739 
26.815 


31,500 

17.698 

37.275 

7.876 


12, 

2.159 

70, 

7,429 

7. 

222 

1,300. 

12. 

5,884 

28. 

11,415 

26, 

563. 

1, 

22, 
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1, 

1 
14. 

8. 
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69.034 

77. 

34,914 

246. 
8. 

**! 

1,435 
7.030 

4. 

14, 

16.377 

44. 

11. 

68 

126, 

19, 

1.756 

7, 

2,675 

9. 

31.833 

56. 

54,269 

11,178 

94. 

5.513 

20, 

6,693 

9. 

14, 

•"  1 

40, 

1. 

3). 

2,873 

70. 

2. 

10.605 

73. 

22. 

2.109 
2.224 
1.849 

■*■« . 
16, 
9. 

12. 

4, 

26, 

70,011 

70, 

366. 

37. 

5.500 

42. 

90.716 

98. 

,210 
,995 
.429 
.425 
.300 
,307 
,519 
,611 
,252 
,000 

280 
,966 
,500 
,400 
.405 
.352 
.334 
,800 

600 
,235 
.638 
.227 
.820 
,727 
.348 
.131 
.475 
.097 
.847 

750 
.223 
.676 
,528 

587 
,345 
,400 
.505 
.673 
.350 
.299 
.345 
.169 
.724 
.849 
.739 
,815 
,011 
,463 
.376 
.775 
.592 
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TABLE  No.   I— Continued. 

VALQE  OF  TOTAL  MINERAL  PRODUCTION  BY  COUNTIES  FOR  1802. 


COUNTIES. 
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Keokuk.  , 

Kossuth , 

Lee , 

Lina 

Louisa 

Lucas , 

Madison 

Mahaska  ..... 

Marion 

Marshall 

Mills 

Mitchell 

Monona 

Monroe 

Montgomery . . 

Muscatine 

Page 

Plymouth 

Pocahontas  . . . 

Polk 

Pottawattamie 
Poweshiek .... 

Ringgold 

Sac    

Scott 

Shelby 

Sioux 

Story 

Tama 

Taylor 

Union 

Van  Buren 

Wapello 

Warren 

Washington  .. 

Wayne 

Webster 

Winneshiek.  .. 
Woodbury  . . . 
Wright 


33 

1 

21 

IS 

11 

4 

11 

28 

34 

10 

4 

6 


251,769 


318.993 

732.686 
290.797 


Total 
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3 
2 
1 

28 
2 
2 
5 

12 
7 
2 

15 
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9 

10 
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1.736,432 


25,677 


1.507  431 


31.450 

960 

9,125 

38,475 

7,400 

3,000 

6,000 

65.775 

19,636 

33.111 

14.500 


20.258 

'"732 
29ii86' 


24.499 

460.056 

38.288 

'i69!794' 
256.870 


J3. 058. 779 


8.365 
40.540 
37.408 
28.600 

3.500 
33.420 
4^0,412 
82.488 
14.400 
10,500 

1.050 
42.988 
12,890 
14.800 
26,147 
54,470 
10.421 
20.300 

8,360 
73,833 


2,700 


24.139 

17.735 

4.205 


24.728 

285 

3.515 

58,096 


3.545 


504 
5.105 


22.600 
10.120 

250,403 
4.700 

233,543 
13.300 


$2,843,591 


49.099 


267 


889 
23,910 


4.885 


5.024 
65 


$673,361   $348,913 
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337,735 


285.919 

960 

33,264 

56.210 

11.605 

321.993 
30.728 

798.746 

313.948 

91.209 

14,500 

3.545 


1.745.301 

45.645 

37.408 

54.277 

3.500 

33.420 

1.997.843 

82.488 

14.400 

10.500 

1,050 

112.345 
12.890 
14.800 
26.879 
54,737 
39,607 
20.300 
33.748 

557.799 
38.288 
27.485 

119.914 

850.032 
4.765 

233.543 
13,300 


$  11,924.644 


COAL. 

The  price  of  coal  ruled  firm  through  the  year  with  a  sharp  rise 
near  the  end'  of  the  year  owing  to  the  great  strike  in  the  anthra- 
cite   fields     of    Pennsylvania.     Notwithstanding    high    prices 
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and  the  apparent  scarcity  in  fuels  the  returns  show  an  actual 
falling  off  in  p<roduction  amounting  to  approximately  50,000 
tons.  The  shortage  is  due  to  the  abandonment  of  mines,  for- 
merly large  producers,  in  Mahaska  and  Keokuk  counties.  Ma- 
haska for  many  years  the  ranking  coal  producing!  county  in  the 
state  fell  to  third  place  in  1901  and  dropped  to  a  poor  fourth  in 
1902.  Keokuk  ranked  fifth  in  1901  and  tenth  in  1902.  The  in- . 
crease  in  price  stimulated  the  snaall  mines  as  seen  in  the  increased 
number  producing  and  the  increased  outputs  for  the  counties  of 
small  productions.  Appanoose  is  the  only  other  large  producer 
showing  a  decrease.  High  prices  have  stimulated  development 
work.  Much  prospecting  has  been  done  in  many  of  the  counties 
while  important  plants  are  being  installed  in  Monroe,  Marion, 
Polk,  Boone  and  iWebster  counties  which  promise  to  materially 
increase  the  output  for  1903. 

Table  II  gives  the  total  tonnage,  average  price  per  ton,  total 
value,  number  of  mines  producing,  average  number  of  days 
worked  and  number  of  men  employed,  arranged  by  counties.  An 
attempt  has  been  made  to  collect  statistics  as  to  distribution 
which  has  not  been  done  before.  It  is  believed  that  the  results 
are  fairly  reliable  for  coal  shipped  and  coal  sold  locally,  but  little 
dependence  can  be  placed  on  the  amount  used  at  the  mines  as  but 
few  companies  returned  a  report.  No  data  are  at  hand  to  deter- 
mine the  amounts  of  the  various  sizes  of  coal  put  upon  the  mar- 
ket Mine  run,  steam  coal,  nut,  pea  and  slack  are  included  in 
the  total.  The  average  price  per  ton  is,  in  reality,  on  a  mine  run 
basis,  and  must  not  be  confused  with  the  average  price  for  lump 
coal  which  rules  considerably  higher  in  the  counties  which  *  *  Shoot 
from  the  solid'*  and  approximately  the  same  where  **long  wall" 
is  the  system'  employed.  The  great  difference  in  the  average 
prices  per  ton  in  Marion  and  Monroe  counties  when  compared 
with  Boone  may  be  more  readily  understood  when  it  is  known 
that  the  two  fonnter  shoot  from-  the  solid  and  the  latter  mines 
long  wall. 
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The  effect  of  the  anthracite  coal  strike  and  the  consequent 
high  price  of  bituminous  coal  greatly  stimulated  the  production 
in  Iowa.  The  increase  is  rendered  obvious  when  the  production 
for  the  year  ending  June  30,  1903,  is  inspected.  Table  III  shows 
the  number  of  mines  in  operation,  tons  of  coal  produced  and 
number  of  miners  and  others  employed'  and  is  taken  from  the 
Eleventh  Biennial  Report  of  the  State  Mine  Inspectors. 


TABLE  No.  III. 
COAL  PRODUCTION  FOB  THE  7BAR  ENOINO  JUNE  80.  1908. 


COUNTIES. 


09 


§•0    • 
(Art's 


•sa 

o  CO* 


0   . 


u 

a  o 

.  ^^ 


Adams.  ... 
Appanoose 
Boone.    . . . 

Dallas 

Davis 

Greene 

Guthrie.... 

Jasper 

Jefferson  . 
Keokuk.... 

Lucas  

Mahaska  ., 

Marion 

Monroe  .  . , 

Page 

Polk 

Scott 

Taylor  .... 
Van  Buren 
Wapello  . . 
Warren.... 
Wayne  . . . 
Webster . . 

Total. 


12 

70 

12 

6 

4 

6 

13 

13 

4 

15 

3 

26 

18 

19 

4 

25 

7 

8 

7 

13 

10 

8 

10 

313 


16,462 

892.692 

288.655 

19,900 

3,200 

12.711 

16,545 

323.312 

4.000 

82,532 

269.549 

678,826 

293.875 

1.600.148 

9.674 

996.573 

18.280 

20.618 

18,740 

365.165 

20.265 

74.542 

159.990 


6.185.734 


85 

16 

1.889 

600 

480 

165 

75 

35 

12 

4 

56 

9 

75 

15 

508 

182 

13 

3 

156 

70 

327 

202 

929 

453 

400 

175 

1.758 

1,081 

37 

8 

1.127 

488 

80 

12 

74 

22 

52 

20 

506 

259 

65 

25 

185 

65 

280 

104 

9.169 

4.023 

101 
^.4t79 

645 

110 
16 
65 
90 

690 
16 

226 

529 
1,382 

575 
2,839 
45 
1,635 
92 
96 
72 

765 
90 

256 

384 

13.192 


The  shifting  of  the  great  producing  center  toward  Monroe 
and  Marion  counties  can  be  seen  to  advantage  when  the  counties 
are  tabulated  in  parallel  columns  for  the  years  1900  to  1902  in- 
clusive, as  shown  in  Table  IV. 
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TABLE   No.  IV. 
COAL  PRODUCTION  FOB  THB  Y£AB9  1900  TO  1902,  INCLUSIVE. 


COUNTIES. 


1900. 


Tons. 


Value. 


1901. 


Tons. 


Value, 


1902. 


Tons. 


Value. 


Adams 

Appanoose....  . 

Boone 

Dallas 

Davis 

Greene 

Guthrie 

Jasper 

Jefferson , 

Keokuk 

Lucas • 

Mahaska 

Marion 

Monroe 

Page  and  Story 

Polk 

Scott 

Taylor 

Van  Buren 

Wapello 

Warren 

Wayne 

Webster 

Small  mines.... 


Total « 


21,950 
680,094 
266,542 

16.737 
1.398 

17.044 


99.948 

3.650 

258.933 

227,921 

.142.017* 

186.446 

755,286 

8.494 

827,482 

29,846 

17.159 

12.108 

276,360 

24,720 

63.140 

123,660 

140,000 


5.202.939 


$   41,764 

18,091 

1.029,489 

721,997 

451,056 

254,054 

30,531 

16,987 

2,395 

1.986 

31,699 

18.810 

135,462 

184,670 

6.062 

3,875 

353.145 

308.193 

300.840 

221.058 

1,408,655 

929,110 

234.009 

145.981 

859.720 

1.038.332 

22,725 

6,740 

1,250.430 

1,025,014 

49,174 

17.097 

34,318 

23,499 

17,880 

12.572 

359.616 

312,174 

34,695 

14.661 

9S,584 

56,578 

230.092 

146.020 

175.000 

140,000 

$7,155,341 

5.617,499 

$   36,395 

1,121,265 

423.827 

31.072 

3,913 

31.652 


270.3691 

7.568 

425,876 

274,416 

1,161,243 

173,882 

1,292.503 

16,850 

1,492,060 

27, W8 

49,570 

18.997 

407.1361 

27.847 

88.4861 

265.501 

175,000 


$7,822,805 


18,147 

771,363 

264,524 

18.845 

3.633 

11,573 

2,300 

235,390 

10,284 

160,403 

238,862 

549.245 

269,724 

1,349,722 

10.314 

1,007.860 

.10.358 

13,007 

14,816 

340,579 

20,127 

64,164 

140,007 

2,016 


5.527.263 


$   42,193 

1,284,253 

509,624 

37,557 

6,093 

15,345 

4.875 

334,963 

19,146 

251,769 

318.993 

732.203 

290,419 

1,736,432 

26.009 

1,507.431 

19.858 

29,186 

24.499 

460.056 

38,288 

109.734 

256.470 

3.403 


$8,058,799 


No  reason  can  be  given  to  aceount  for  the  decrease  in  the  num- 
ber of  men  employed  when  compared  with  preceding  years.  In 
the  table  below  is  given  tlie  average  number  of  days  worked'  and 
the  number  of  men  employed  during  the  past  ten  years. 


YEARS. 


AVSRAGB  NUM- 

BBR  OF 
DAYS    WORKBD. 


1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 


KUMBBR  OP 

MBN 
BMPLOYBD. 


8.863 
9,995 
10.066 
9,672 
10.703 
10,256 
10,268 
11,601 
13,032 
11.205 
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According  to  the  authority  of  the  United  States  Geological 
Survey,  Iowa  ranked  eighth  in  tonnage  and  sixth  in  the  value 
of  the  output  for  1901,  producing  2%  per  cent  of  the  bituminous 
coal  of  the  entire  country.  The  table  below  shows  the  rank  of 
the  ten  leading  producers.. 


TONS. 


VaLUS. 


Pennsylvania  (bltnminons  only) 

Illinois 

West  Virginia 

Ohio 

Alabama 

Indiana 

Colorado 

Iowa 

Kentucky 

Kansas 


82.305.946 

27.331.552 

24.068.402 

20.943,807 

9.099.052 

6.918.225 

5.700.015 

5,617.499 

5.469.986 

5.113.127 


$  81.397.585 

28.163.937 

20.848.184 

20,928.158- 

10,000.89i 

7.017. 14S 

6.441.891 

7,622.805 

5.213.076. 

5.046,491 


iQwa's  production  during  the  past  nine  years,  with  average- 
price  per  ton  and  value,  may  be  viewed  in  the  table  below : 


AVBRAGS    PRICB 

YBARS. 

SHORT  TONS. 

PBR    TON. 

VALUR. 

AUTHORITY. 

1894 

3.967.253 

$1.26 

$4,999,939 

U.  S.  G.  S. 

1895 

4.156.074 

1  20 

4.982.102 

U.  S.  G.  S. 

1896 

3.954.028 

1.17 

4.628,022 

U.  S.  G.  S. 

1897 

4.611.865 

1.13 

5.219.503 

U.  S.  G.  S. 

1896 

4.618.842 

1.14 

5.260.716 

U.  S.  G.  S. 

1899 

5.177.479 

1.24 

6.399.338 

U.  S.  G.  S. 

1900 

5.202.939 

1.38 

7.155.341 

U.  S.  G.  S. 

1901 

5.617,499 

1.39 

7.822.805 

U.  S.  G.  S. 

1902 

5,527,263 

1.46 

8,058.799 

lowaGeol  Surv. 

OLAY. 

In  spite  of  the  large  amount  of  time  lost  and  the  embarrass-^ 
ments  due  to  an  excess  of  wet  Weather,  the  clay  goods  marketed 
in  1932  brought  the  producers  2  per  cent  more  money  than  the 
prodoiction  for  1901.  The  total  output  of  clay  goods  shows  a 
slight  shrinkage  but  the  liigher  prices  more  than  made  good  the 
reduction  in  output.    The  greatest  increases  are  shown  in  drain 
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tile,  sewer  pipe,  hollow  building   block  and    pottery  while  the 
greatest  shrinkage  occurred  in  burnt  clay  ballast.    Slight  reduc 
tion  both  in  quantity  and  valuie  is  shown  for  building,  face  and 
paving  brick. 
The  clay  wares  produced  in  1902  were  distributed  as  follows: 


1902. 


Thousands. 


Value. 


1901. 


Thousands. 


Value, 


St: 


8 
a  f> 

u 
O4 


s 


Common  brick... 

Front  brick 

Paving  brick 

Fancy    or    orna- 
mental   

Fire  brick 

Drain  tile 

Sewer  pipe 

Hollow  block 

Sidewalk  brick . . . 
Tile, not  drain  tile. 
Railway  ballast. . . 

Pottery 

Miscellaneous 


Total 


236,399 

7.584 

21.779 


$  1,624,673 

81.211 

212.537 

1,690 

850 

673,122 

76  000 

104,324 

1,335 

2.590 

13.527 

45.387 

6.345 


$2,843  591 


254.432 

8.577 

22.530 


$  1,651,926 

85,330 

227.378 

2,229 

803 

516,714 

53.500 

59,270 

1,570 


101,500 
26,200 
17.780 

$  2.774,200 


5.8 
32.2 
42. 
76. 


73. 


1.5 

5. 

6.5 

24. 


14.8 
'86!7 
64!' 


The  number  of  factories  in  operation  decreased  from  349  in 
1901  to  329  for  1902,  mainly  due  to  the  continued  wet  weather 
which  made  out  door  drying  almost  impossible,  and  open  sheds 
and  open  kilns  nm profitable.  Those  plants  using  surface  clays 
were  the  greatest  sufferers. 

The  distribution  of  the  output  for  1902  as  compared  with  the 
output  for  1901  is  showii  in  tabular  form-  below.  It  is  obvious 
that  the  excess  of  moisture  proved  a  great  stimulus  to  the  manu- 
facture of  drain  tile  and  sewer  pipe.  The  larger  sizes  of  drain 
tile  up  to  eighteen  inches  in  diameter  are  gaining  favor  in  some 
portions  of  tlie  state  in  the  building  of  culverts  on  the  public  liigh- 
ways.  For  the  manufacture  of  extra  sizes  the  sewer  pipe  press  is 
used. 

The  average  price  for  building  brick  shows  a  sharp  advance, 
common  brick  selling  at  the  yards  at  an  average  of  $6.87  as  com- 
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pared  with  $6.49  and  $6.47  for  the  years  1901  and  1900  respec- 
tively. Face  brick  sold  for  an  average  of  $10.71  per  M  against 
$9.95  per  M  for  the  year  preceding.  The  average  price  of  pav- 
ing boick  did  not  change  materially.  Fire  brick  and  ornamental 
brick  are  not  produced  in  quantity.  All  of  the  fire  brick  manu- 
factured in  the  state  are  made  by  the  stiff  mud  process  without 
the  addition  of  *  *  grog. ' '  Hollow  block  show  a  good  increase  in 
the  counties  which  ship  the  bulk  of  their  production  considerable 
distances. 

The  distribution  of  clay  products  by  counties,  showing  the 
common  brick  and  total  brick  in  thousands,  the  values  of  com- 
mion  brick  and  of  total  brick,  value  of  drain  tile  and  total  value 
of  clay  products  are  shown  in  Table  V. 

TABLE  V. 
CLAY  PBODUOTION  BT  GOUNTIBS  FOB  1902. 


COUNTIBS. 


08 

I- 


THOUSANDS. 


a 
o   • 

5* 


•3  ^ 


VALUB. 


a 
o   . 


•«s 


as 


Adair 

Adams 

Appanoose.  .. 
Audubon.  .  .. 

Benton 

Black  Hawk.. 

Boone. 

Bremer 

Buchanan  

Buena  Vista. . . 

Butler 

Calhoun 

Carroll 

Cass 

Cedar 

Cerro  Gordo.. 

Cherokee 

Chickasaw.... 

Clarke 

Clayton 

Clinton 

Crawford 

Dallas 


4 

6 
2 
1 
6 
3 
10 

2 

• 

3 
1 
3 
1 
5 
1 
3 
I 
1 
1 
3 
5 
2 
8 


1,370 

2,825 

2,275 

1,800 

1,725 

2,343 

4,169 

157 

35 

4S0 

256 

125 

1,200 

1,670 

670 

8.900 

1,139 

100 

400 

1,240 

4,325 

1.700 

4,197 


1,470 

2,825 

2.275 

1,800 

1.779 

2.343 

5,410 

157 

35 

450 

256 

125 

1,200 

1,670 

670 

8,900 

1,139 

100 

400 

1,240 

4,325 

1,720 

5.280 


10,360 

19,650 

15,950 

12,000 

11,425 

15,104 

33,092 

1,252 

280 

3,600 

1,966 

1.000 

8.400 

12.405 

4.685 

57.850 

8.500 

600 

2,800 

7.328 

25.(00 

11,600 

30.275 


11,760 

19,650 

15.950 

12,000 

11.864 

15.104 

46,377 

1.252 

280 

3.600 

1.966 

1.000 

8.400 

12.405 

4,685 

57.850 

8.500 

600 

2,800 

7.328 

25,1' 0 

11,820 

43.410 


45C 
300 


300 
10,559 

6,866 


18,400 
ii.566 


3,633 

84.200 

300 


200 
2.750 


45.692 


$  12.210 
26,652 
15,950 
12,300 
22.423 
15.104 
53.987 

1.252 

280 

22,0(0 

1.966 
14,500 

8,400 
12.405 

8.318 
211.420 

8.800 
600 

2.800 

7.608 
27,850 
11,820 
89,102 
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TABLE  V— COHTINUBD. 


CLAY  PRODUCTION  BY  C0UNTIB8  FOB  W02. 


COUNTIBS. 


"SB 

THOUSANDS. 

^8 

a 

V  g 

o   • 

• 

a-3 
a-g 

tal 
rick 

S  c^ 

fixt 

PXk 

z 

u 

H 

VALUB. 


a 
o   • 


5* 


^" 


Davis 

Decatur 

Delaware 

Des  Moines 

Dabuque 

Emmet 

Fayette 

Floyd 

Franklin 

Fremont 

Greene 

Grundy 

Guthrie 

Hamilton 

Hancock 

Hardin 

Harrison 

Henry 

Howard 

Humboldt...    . 

Ida 

Iowa... 

Jasper 

Jefferson....  ... 

Johnson  

Jont  s 

Keokuk    

Kossuth 

Lee 

Lion 

Louisa 

Lucas 

Madison 

Mahaska 

Marion 

Marshall , 

Mills 

Monroe 

Montgomery  . . . 

Muscatine 

Page 

Plymouth  

Pocahontas  — 

Polk  

Pottawattamie  . 

Poweshiek 

Ringgold 

Sac 

Scott 

Shelbv 


3 
3 
3 
5 
3 
1 
4 
1 
1 
5 
1 
1 
5 
2 
1 
6 
7 
4 
1 
1 
1 
5 
9 
2 
7 
2 
7 
1 
5 
8 
4 
1 
I 
6 
5 
8 
4 
3 
5 

10 
4 
1 
2 

18 
8 
3 
2 
1 
6 
2 


375 

750 

800 

2,458 

4.700 

50 

1,621 

400 

52 

2,515 

200 

200 

1,496 

2,200 

IOC 

1,150 

3.020 

767 

1,000 

143 

615 

2,827 

3,450 

830 

5,079 

807 

1,300 

160 

1,310 

5,205 

€17 

500 

50C 

4,323 

2,288 

3  538 

2,300 

205 

4,MI0 

4.970 

4,200 

500 

340 

33,033 

11,064 

64/ 

1.500 

150 

4.844 

1,700 


375 

750 

800 

2,458 

4,700 

50 

1,921 

400 

52 

2,515 

200 

200 

1,496 

2,200 

100 

1,150 

3,030 

'  767 

1,000 

143 

615 

2,877 

3,950 

830 

5,079 

807 

1,300 

160 

1,490 

5,205 

617 

500 

500 

6,935 

2,288 

4  038 

2  300 

205 

4.910 

4,970 

4,200 

500 

340 

45  256 

12.664 

642 

1.500 

150 

5.844 

1,700 


2 

5 

5 

21 

29 

10 
2 

14 

1 
1 

10 
15 

8 

22 

5 

6 

1 

4 

17 

22 

6 

28 

5 

9 

7 

34 

3 

3 

4 

31 

16 

22 

14 

1 

35 

32 

27 

3 

2 

250 

69 

4 

9 

1 

30 

12 


,775 
,175 
,000 
,319 
,400 

400 
,710 
,800 

314 
.528 
,400 
,400 
.714 
,400 

850 
,435 
.265 
,490 
,500 
,000 
,739 
,915 
,950 
,022 
,275 
.456 
,200 

960 
,590 

,111 
900 
.000 
,500 
,249 
.722 
,134 
,500 
,540 
,140 
,078 
.900 
,500 
,420 
.306 
,685 
.300 
.500 
05- 
.288 
.750 


$      2 

5 

5 

21 

29 

13 
2 

14 
1 
1 

10 
15 

8 

22 

5 

6 

1 

4 

18 

27 

6 

28 

5 

9 

8 
34 
3 
3 
4 

57 

16 

26 

14 

1 

35 

32 

27 

3 

2 

377 

82 

4 

9 

1 

40 

12 


775 
175 
000 
3U 
400 
400 
710 
800 
314 
528 
400 
400 
714 
400 
850 
435 
345 
740 
500 
000 
739 
415 
200 
022 
275 
456 
200 
960 
900 
111 
900 
000 
500 
675 
722 
134 
500 
540 
390 
108 
900 
500 
420 
662 
488 
300 
500 
050 
288 
750 


$      200 

800 


350 


93 
273 

.... 
23.600 


23  916 

52,400 

1,500 

54,259 

>  •       •  •  •  • 

8,320 

500 

10,000 


8.400 
4,300 

11,676 
9,000 
2,420 

21,850 


225 

4,364 

700 


1.500 
8. '00 
2.914 
6.977 


2 

5 

6 

24 

29 

14 
2 

14 
25 

1 
34 
67 

2 
62 
22 
14 

7 
11 

4 
26 
31 
17 
37 

7 
3i 

9 
38 

7 

3 

6 
65 
19 
33 
14 

8 
40 
37 
28 

3 

33 
490 
82 
14 
10 

1 
42 
12 


.775 
.375 
,800 
,264 
,400 

750 
,710 
,893 

587 
,528 
,000 
,400 
.630 
.800 
.350 
,694 
,345 
.060 
.500 
.000 
.739 
.8'5 
,500 
,698 
.275 
,876 
,450 

960 
,125 
,475 
,400 
.(00 
,000 
.775 
,636 

.111 
,500 
,365 
.540 
,408 
,600 
.500 
.420 
,412 
,488 
.400 
,500 
,050 
,988 
.890 
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TABLE  V— CONTIMUBD. 
CLAY  PRODUCTION  BY  COUNTIB8  FOR  1902. 


COUNTIES. 


*M     M 

THOUSANDS. 

imber  c 
roducei 

mmon 
rick. 

tal 
rick. 

.^  0- 

0£ 

0£i 

4i 

V 

H 

VALUB. 


a 
o   . 

a-c 

O  JQ 
O 


•ts  © 


Bit* 


Sioux 

Story 

Tama 

Taylor 

Union . . .. 

Van  Boren 

Wapello 

Washington , 

Wayne 

Webster 

Winneshiek 

Woodbury 

Wright ... 

Total 


2 

4 
5 
4 
2 
5 
5 
3 
5 
10 
2 
6 
4 


•Af9 


2.100 

934 

4,038 

1,520 

2,810 

1,190 

9.47U 

2.700 

1,345 

11,441 

725 

27.211 

140 


236.399 


2,100 
1,284 
5.576 
1,520 
2,835 
1,190 

10.800 
2,700 
1.345 

14,658 
725 

28,641 
140 

265.762 


14,800 

7,697 
25,986 
10,421 
19.670 

8,060 
57,341 
17.500 

9,120 
68  450 

4,700 
204,948 

1.200 


$1  624.673 


14,800 

10,647 

40.970 

10.42! 

19,920 

8,160 

67,419 

17,500 

9,120 

103,450 

4.700 

218.543 

1,200 


$1.920.P6l 


$  15.500 
13.500 

380 

200 
6.414 
5.100 
1.000 

102.657 


12.100 


$673,122 


14,800 
26,147 
54.470 
10.421 
20.300 
8.360 
73  833 
22.600 
10.120 

250.403 
4,700 

233,543 
13  300 


$2,843,591 


Duriiig  the  four  years  preceding  1902  Iowa  ranked  eighth  as 
a  day  producer.  In  1901  Iowa  manufactured  2.48  per  cent  of 
all  of  the  clay  products  marketed  in  the  United  States.  Only 
four  states,  Ohio,  Pennsylvania^  Illinois  and  Indiana  show  a 
larger  number  of  producers. 

The  table  below  gives  the  ten  leading  producers  of  clay  pro- 
ducts for  1901  according  to  the  figures  given  in  the  mineral  re- 
sources for  1901. 


STATB. 


OPBRATORS 
REPORTING. 


VALUE  TOTAL 
CLAY  PRODUCTS. 


PBR  CSNT  TOTAL 

PRODUCT  FOR  THS 

UNITED  STATES. 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 


Ohio 

Pennsylvania 

New  Jersey. 

Illinois 

New  York 

Missouri 

Indiana 

Iowa 

West  Virginia  . . . . 
Massachusetts  . . . . 


813 
507 
160 
550 
276 
259 
540 
341 
53 
90 


$21,574,985 
15.321,742 
11.681,878 
9.642,490 
8.291.718 
4.474.553 
4.466.454 
2.737.825 
1.946.480 
1.870.837 


19.58 
13.90 
10.60 
8.75 
7.52 
4.06 
4.05 
2.48 
1.77 
1.70 
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STONK 

The  maijority  of  the  stone  producers  of  the  state  report  the 
demand  for  stone  good  or  equal  to  that  for  1901  but  add  that  the 
rainy  weather  and  consequent  flooded  streams  made  quarrying 
operations  impossible  for  a  considerable  portion  of  the  year. 
The  greatest  falling  off  was  in  the  production  of  lime.  Building 
stone  shows  a  loss  of  more  than.  20  per  cent  Riprap  and  rubble 
show  an  increase  of  more  than  1.50  per  cent.  The  production  was 
distributed  as  follows : 


1901. 


Limestone  used  for— 

Building  purposes 

Flagging  and  curbing 

Lime 

Riprap  and  rubble  . . . 

Crushed  stone- 
Macadam  

Railway  ballast 

Concrete 

Miscellaneous 

Sandstone 

Marble 

Total 


$673,561 


$202,476 

11,391 

131.532 

176,883 

$  261.160 

18,095 

230,  U8 

66.355 

93,433 
15,944 
24,445 
6,459 
10,798 
200 

68.580 
48.509 
75.182 
15,387 
13,096 

$  796  8^2 


The  '*6ood  Roads''  movemlent  is  reflected  in  the  increased 
production  of  crushed  stone  for  macadam.  The  increase  for  the 
year  is  about  35  per  cent.  Table  VI  gives  the  production  by 
counties  and  specifies  the  various  grades  of  stone  put  upon  the 
market. 
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Jackson  county  suffered-  the  greatest  shrinkage  owing  to  the 
:falling  off  in  lime  burning.  Cedar,  Jones,  Dubuque  and  Scott 
Siuffered  less,  while  Des  Moines^  Marshall  and  Cerro  Gordo  show 
good  gains  over  the  preceding  year. 

The  sandstone  production  shows  but  slight  change.  Webster 
-county  is  still  the  principal  producer.  The  production  of  sand- 
.stone  was  distributed  as  follows: 

Building  stone $6,331 

Rubble 3 .  157 

Flagging 75 

Concrete 35 

Guttering 1 .  200 

Total $10,798 

Number  of  producers,  24. 

In  1901  Iowa  ranked  twenty-seoondi  as  a  stone  producer  and 
eighth  in  the  production  of  limestone,  producing  2.94  per  cent 
•of  the  limtestone  produced  in  the  entire  country.  The  production 
of  stone  for  the  past  ten  years  is  given  in  the  table  below. 


YBAR. 


• 

• 

o 

O 

a 

a 

o 

o 

«rf 

4-» 

10 

s 

a 

a 

C8 

••2 

CO 

^ 

o 


1S33 

1891. 

1895. 

1896. 

1897. 

1896. 

1899. 

1900, 

1901 

1902. 


$  18,347 

$547,000 

11.639 

616.630 

5.575 

449,501 

12,351 

410,037 

14.771 

480.572 

6.562 

557,024 

17.239 

792.685 

9.379 

595,507 

14.341 

777,484 

10.798 

662,563 

$  565,347 
628,269 
455.076 
422,388 
495.343 
563.586 
809,924 
604,886 
791,825 
673,361 
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GYPSUM. 

The  gypsum  prodiuction  foi^  1902  was  about  the  same  as  for 

1901.     During  the  year  143,632    short  tons  of  crude  gypsum 
valued  at  $134,726  were  produced  and  sold  as : 

WaU  cement  or  plaster 100,314  $290,242 

Plaster  of  Paris j7,865  43,593 

Land  plaster 2,000  3,000 

Crude  gypsum 600  900 

Total 120,779  $337,735 


% 


LEAD  AND  ZINO. 

No  zinc  was  produced  and  marketed  in  Iowa  during  1902.  A 
small  amount  of  pyritiferous  ore  was  mined  chiefly  in  develop- 
ment work  but  on  account  of  the  low  prices  which  prevailed  for 
inferior  ores  it  was  not  put  upon  the  market  Development  work 
for  lead'  continued  to  be  more  active  during  the  year  than  for  a 
number  of  yearsu  A  number  of  the  old  properties  are  making 
substantial  improvements  and  new  mines  are  being  opened  so 
that  a  much  larger  output  may  be  confidently  predicted  for  1903. 
The  average  price  for  galena  was  $23.00  per  thousand  pounds 
at  the  mine  and  practically  all  of  the  lead  ore  produced  in  the 
state  was  sold  to  the  local  smelter  owned  and  operated  by  Wm. 
6.  Waters.    Pig  lead  sold  for  $4.03  per  cwt.  on  the  average. 

The  lead  production  for  the  year  amounted  to  486,000  pounds 
and  sold  for  $11,178. 
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CHAPTER  L 

DEFINITION. 

The  term  clay  in  its  most  common  usage  includes  a  large  va<- 
liety  of  substances  which,  when  mixed  with  water,  are  said  to 
become  plastic,  or  capable  of  being  molded.  The  alluvium  of 
river  bottoms  and  the  purest  kaolins  and  fire  clays  are  alike 
called  clay.  The  numterous  different  varieties  of  clay  differ 
widely  in  both  composition  and  physical  characteristios  but  the 
examination  of  many  days  shows  the  universal  presence  of  cer- 
tain constituients  which  compose  the  clay  base.  This  clay  base 
is  called  kaolin  or,  if  the  isolated  mineral,  kaolinite.  It  is  owing 
to  this  mineral  that  clay  possesses  the  property  of  plasticity 
which  makes  it  of  use  to  man. 

Clay  may  then  be  defined  as  a  mineral  mixture  in  which 
kaolinite  is  present  in  sufficient  amount  to  impart  to  the  mass 
its  characteristics  to  a  degree  allowing  of  its  use  in  tlie  manu- 
facture of  clay  wares.  This  definition  includes  all  workable 
clays  from  the  purest  kaolin  and  ball  clays  to  the  contaminated 
shales  and  alluvium.  It  would  exclude  those  bodies  of  argilla- 
ceous material  which  contain  impurities  to  the  extent  that  they 
are  not  utilizable  in  the  manufaotmre  of  clay  products.  Under 
this  latter  would  fall  the  highly  calcareous  glacial  till  and  the 
pyritiferous  and  bituminous  shales. 

ORIGIN. 

It  has  been  noticed  that  the  essential  base  of  clay  is  kaolinite, 
which  is  a  hydrous  silicate  of  alumina.  It  is  not  an  original 
constituent  of  the  earth's  crust  but  results  from  the  decomposi- 
tion of  the  feldpathic  minerals.  Expressed  in  chemical  for- 
mula, kaolinite  is  AlgOg,  2Si02,  2H2O,  having  a  percentage  com- 
position of  Alumina  39.8,  silica  46.3,  water  13.9.    The  most  com- 


36  TECHNOLOGY   OF   CLAYS. 

men  type  of  feldspar,  occurring  in  granitic  rocks  is  orthoclase 
ihaving  the  composition,  KgO,  AI2O3,  6  SiOg.  This  is  taken  as 
a  type  of  the  group,  though  the  percentage  of  the  acid  as  well  as 
the  alkaline  components  may  vary  to  a  large  extent.  In  other 
members  of  the  feldspar  group,  potash  is  partially  or  entirely 
replaced  by  soda  and  lime,  and  hence  the  numerous  varieties  or 
species  which  are  designated  respectively  as  potash  feldspars, 
soda  feldspars,  and  lime-sodai,  soda-lim©,  potash-lime  feldspars, 
etc.,  according  es  one  or  another  of  these  bases  predominates. 
Orthoclase  is  an  essential  mineral  in  granitic  and  syenitic  rocks 
from  which  many  of  the  kaolins  or  pure  clays  of  today  are  known 
to  be  derived ;  so  it  may  be  assumied  that  to  the  decomposition  of 
this  and  related  silicate  minerals  is  due  to  a  large  extent  the 
essential  constituent  of  the  numerous  varieties  of  plastic  ma- 
terials used  in  the  ceramic  industries. 

When  the  residual  material  resulting  from  the  decay  of  gran- 
itic rocks  remains  in  the  place  originally  occupied  by  the  rock 
itself,  it  constitutes  beds  of  kaolin.  This  material  is  sometimes 
carried  for  short  distances  by  running  water  and  deposited  in 
lakes  or  other  bodies  of  water  in  as  pure  or  purer  condition  than 
before  such  traneiportation.  In  this  way  have  originated  some  of 
the  kaolin  beds  of  the  southern  states.  Much  of  this  disintegrated 
feldspathic  rock  substance  is  carried  long  distances,  is  spread 
over  large  areas  and  consequently  intermixed,  in  its  deposition, 
in  all  proportions  with  debris  resulting  from  the  weathering  of 
different  classes  of  rocks.  Such  deposits  form  along  the  borders 
of  the  larger  bodies  of  water  becoming  beds  of  shale  which  on 
elevation  of  land  surface  comprise  the  most  important  source  of 
clay  for  the  manufacture  of  tlie  cruder  clay  goods. 

As  soon  as  these  strata  become  land  surface,  the  agents  of 
weathering  begin  to  act,  as  on  tlie  original  igneous  rock,  to  dis- 
integrate and  remove  all  the  ingredients  amenable  to  their  attack. 
In  this  way  these  clay  materials  are  again  worked  over,  some 
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portion  carried!  and  redepoedted  in  bodies  of  water,  forming 
secondary  beds  of  clay ;  a  portion  is  laid  down  along  the  courses 
of  streams  forming  beds  of  alluvium;  and  some  of  the  more  re- 
fractory elements  left  as  a  residuum.  Tlius  we  see  that  what 
is  recognized  as  a  clay  today  is  a  mixture  of  different  substances 
that  have  originated  from  the  decay  of  rocks  of  greatly  varying 
character,  the  parent  ledges  of  which  nmy  be  in  some  far  distant 
region. 

CLA3SIFICATION  OP  CLAYS. 

On  the  bfl^is  qf  origin  and  oocuirrenoe,  Dr.  6.  E.  Ladd  has 
given  the  following  classification  of  clays:* 

INDIGENOUS— 
A.    Kaolins 

a.  Superficial  sheets. 

b.  Pockets. 

c.  Veins. 

FOREIGN  OR  TRANSPORTED— 

A.  Sedimentary 

a.  Marine 

1.  Pelagic. 

2.  Littoral. 

b.  Lacustrine. 

c.  Stream. 

B.  Meta-sedimentary. 

C.  Residual. 

D.  Unassorted. 

The  indigenous  group  in  this  classification,  as  the  term'  signi- 
fies, includes  those  clays  which  have  originated  in  place  and  oc- 
cupy the  position  of  the  parent  rock.  They  are  usually  very 
pure  clays  or  kaolins  containing  only  those  insoluble  impurities 
that  resulted  from  the  decomposition  of  the  original  feldspathic 
rock. 


•  BnUetin  No.  6— ▲  0«ologlcBl  larrej  of  Georgia,  p.  10. 
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The  foreign  or  transported  claysi  oomprise  much  the  larger 
group.  This  group  emibraoes  beds  of  olay  which  originated  by  the 
transportation  or  removal  and  sedimentation  of  the  kaolinite 
minerals  from  the  place  of  their  form«ition. 

The  first  division  of  the  group,  the  sedimentary  clays,  is 
the  most  important  and  comlprises  all  clay  strata  that  have  been 
deposited  through  the  action  of  moving  water.  As  noted  in  the 
outline,  the  subdivisions  under  this  head  are  (a)  Marine,  includ- 
ing (1)  Pelagic  or  deep  sea  deposlits  and  (2)  Littoral  or  close 
shore  deposits;  (b) Lacustrine  or  clay  beds  put  down  in  lake 
basins;  (c)  Stream,  composed  of  (1)  floodplain  or  alluvial  clays 
and  (2)  strata  of  similar  nature  deposited  in  the  formation  of 
deltas. 

The  second!  division  of  transported  clays  (B)  Doctor  Ladd  has 
designated  Meta-sedimentary  meaning  those  originating  from  the 
decomposition  of  once  transported  sediments  as  tufa,  pumice,  etc. 
These  are  comparatively  unimjportant. 

In  the  third  division  (C)  Eesidual,  would  be  placed  those  clays 
resulting  from  the  removal  of  the  weathering  and  soluble  con- 
stituents of  some  sedimentary  rock  in  which  was  included  vary- 
ing proportions  of  day  materials.  Nearly  all  calcareous  and 
arenaceous  beds  contain  smiall  proportions  of  clay  substance 
which  were  transported  aaid  deposited  as  such,  and  on  the  re- 
moval of  the  cementing  material  the  clay  remains  as  a  residuum. 
(D)  Unassorted,  is  i^elatively  unimportant  in  most  districts  so 
far  as  the  availability  for  manufacture  is  concerned.  It  em- 
braces those  beds  which  have  been  deposited  by  glacial  ice.  It 
is  commonly  a  heterogeneous  mixture  of  clay,  sand,  pebbles  and 
bowlders  with  no  such  arrangement  as  is  characteristic  of  water 
deposits.  The  designation  *' bowlder  clay'*  is  aptly  applied  to 
deposits  of  this  nature. 

Doctor  Ladd 's  classification  of  clays  is  to  be  regarded  as  very 
excellent  for  a  general  classification.    In  order,  however,  to  place 
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an  individual  bed  of  clay  in  this  outline  it  would  be  necessary  to 
subdivide  the  members  given  in  his  table.  This  classification 
would  be  incomplete  for  Iowa  clays  for  it  fails  to  comprehend  a 
division  which  constitutes  a  very  important  source  of  raw  ma- 
terials in  this  state.  While  in  some  instances  the  loess  clays 
might  be  included  in  some  subhead  of  the  sedimentary  group,  as 
given  in  the  table,  it  would  be  advisable  when  considering  the 
clays  of  Iowa  to  make  a  division  of  eolian  or  wind  deposits. 

Dr.  E.  B.  Buckley,  in  his  report  on  the  Clays  and  Clay  Indus- 
tries of  Wisconsin,*  offers  a  classification  of  clays  which  is  based, 
as  is  the  foregoing,  upon  the  genesis  of  the  deposits. 


I.    Residual,  derived  from: 

A.  Granitic  or  gneissoid  rocks. 

B.  Basic  igneous  rocks. 

C.  Limestone  or  dolomite. 

D.  Slate  or  shale. 

E.  Sandstone. 

II.    Transported  by: 

A.  Gravity  assisted  by  water. 

Deposits  near  the  heads  and  alon^  the  slopes  of  ravines. 

B.  Ice. 

Deposits  resulting  mainly  from  the  melting  of  the  ice  of 
the  Glacial  epoch. 

C.  Water.     1.    Marine.    2.    Lacustrine.    3.    Stream. 

D.  Wind.    Loess. 


In  the  following  scheime  which,  in  the  main,  is  the  classifica- 
tion offered  by  Prof.  Edward  Orton  of  Columbus,  Ohio,  the  sul> 
divisions  are  somewhat  more  extensive  and  while  the  ultimate 
basis  is  that  of  origin,  the  physical  and  chemical  properties  are 
taken  into  account  in  making  some  of  the  lesser  subdivisions. 

•  Olay*  and  Olsy  Indnatries  of  Wisoonsin.    BalletU  No.  Vn,  Part  I,  Wlaoonsln  Qeol.  and 
Kat.  HiBt.  Bnrrej, 


40 


TECHNOLOGY   OF   CLAY8. 


Primary  or  re 
sidual  clays. 


^  thte  rock?""''*'"*'*  ^*"^^*"  {  Kaolin  or  China  clay. 

^^Kc'r"^"'"  ''''"""  (  io?-lUn'^*'^Jr"of  ?he    Ger- 

I     mans. 


Secondary  o  r 
transpo  r  t  e  d 
clays. 


•I 


f  Fire  clays 


Dep  o  s  i  t  e  d 

in     stilH 
water. 


Shales. 


•I 


f  Highly   refrac- 
I      tory. 


Moderately  re- 
j      fractory. 


{ 


Indurated . 
Not    metamor' 
p  hosed. 


Deposited  (  Alluvium, 
from  run-  •!  Sandy  clays, 
ning water  ('     Loam. 


r  Flint  are  clay. 


{ 


Plastic  fire  clay. 

No.  2  fire  clay. 
Stoneware  clay. 
Sewer- pipe  clay 


r  Slaty  shales. 
I  Bitumi  nous 
I      shales. 
L  Clay  shales. 


Deposited  f  Reached, 
by  glacial  -{ 
action.         j^  unieached. 

^IPo^ited  j  Loess, 
by  winds.   (  *-'"''^- 


{ 


Whitish  or  red 
bowlder  clay. 

Blue  bowlder 
clay. 


Primary  or  Residual  Clays. 

The  origin  of  the  differei^t  groups  of  the  primary  or  re- 
residual  clays  has  been  indicated  but  it  may  be  of  interest 
to  inquire  somewhat  more  fully  into  the  changes  that  take 
place  in  the  transformation  of  the  original  crystalline  rock 
to  residual  beds  of  kaolin.  In  some  instances,  the  process  of 
kaolinization  is  found  in  actual  operation  showing  the  thoroughly 
kaolinized  stratum-  above,  which  passes  by  scarcely  perceptible 
gradations  into  the  unmodified  crystalline  granite  or  gneiss  be- 
low. Such  is  observed  in  the  Cornwall  quarries  in  England 
and  in  the  Brandywine  feldspar  beds  of  Pennsylvania. 

The  changes  which  occur  in  the  weathering  of  igneous  rocks 
containing  silicates  of  the  alkalis  are  a  series  of  complex  reactions 
by  which  the  primitive  minerals  are  broken  up  and  part  of  their 
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substance  dissolved  away.  The  igneous  rocks  from  which 
kaolinite  originates  are  composed  chiefly  of  the  following  min- 
erals: quartz,  feldspar,  mica,  hornblende,  augite;  and  often  con- 
tain various  other  compounds  as  accessories,  usually  silicates. 
Feldspar  is  a  silicate  of  aluminum  with  varying  proportions  of 
potash  or  soda,  lime  and  rarely  barium.  The  feldspar  group  is 
a.  broad  one,  the  separation  of  the  different  varieties  being  based 
on  the  alkalis  present  and  on  the  ratio  of  the  oxygen  held  by 
the  bases  as  compared  with  the  oxygen  held  by  the  add  element, 
«ilica.  Thus  we  have  orthoclase,  a  potash  feldspar  with  a  ratio 
of  base  to  acid  of  1 :3,  the  lowest  of  the  series.  From'  this,  the 
most  acid  of  the  group,  is  a  series  with  gradually  increasing 
ratio  and  varying  basic  elements,  to  the  plagioclase  division  in 
which  anorthite,  a  lime  feldspar,  has  a  ratio  of  base  to  acid  of  1 :1. 

The  micas  are  silicates  of  alumina,  lime,  magnesia,  iron,  pot- 
ash and  soda  in  varying  amounts.  Hornblende  and  augite  are 
silicates  of  aluimina,  lime,  magnesia  and  iron.  When  these  nun- 
serais  are  exposed  to  the  weathering  agencies,  decomposition 
takes  place,  the  compounds  are  broken  up  or  readjusted  into  com;- 
binations  more  stable  under  prevailing  conditions.  The  effect 
of  freezing  and  thawing  near  the  surface  is  to  rend'  the  rock  and 
ultimately  to  reduce  it  to  the  condition  of  sand.  Contempora- 
neous with  this  mieohanical  disintegration  are  the  chemical  effects 
of  percolating  waters.  Most  circulating  water  carries  in  solu- 
tion large  or  small  amounts  of  carbonic  and  other  acids.  Thus 
-charged,  its  solvent  power  is  increased  and  it  attacks  to  some  ex- 
tent nearly  all  rock  substances,  eitlier  dissolving  the  mineral  en- 
tirely or  producing  an  alteration  in  its  chemical  comlposition. 
Of  the  products  of  this  change,  the  water  bears  away  that  which 
is  soluble  leaving  as  a  residue  the  insoluble  portions. 

Of  the  constituents  of  the  igneous  rocks,  the  feldspars  and 
iron-bearing  minerals  yield  first  to  the  action  of  the  weathering 
agents.     Their  mineral  composition  is  destroyed,  soluble  com- 
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pounds  of  the  bases  are  f onned,  probably  largely  carbonates,  and 
the  alumina  and  silica  remain  as  the  hydrous  alumina  silicate, 
kaolinite,  and  free  quartz.  In  a  similar  manner  the  other. basic 
silicates  are  decomposed,  though  less  readily.  Hornblende 
yields  with  more  difficulty  than  feldspiar  but  is  known  to  leave 
an  aluminous  residue  though  probably  of  different  composition 
from  kaolinite.  The  micas,  especially  the  white  variety,  musco«^ 
vite,  are  comparatively  refractory  minerals  and  are  very  gener- 
ally present  disseminated  throughout  kaolinitic  beds  as  small 
plates  and  scales.  So  inunune  to  external  influences  are  they 
that  minute  mica  scales  are  frequently  seen  in  deposits  of  lime- 
stone and  shale,  transported,  perhaps,  long  distances  preceding 
deposition.  On  deconiiposition,  these  yield  magnesia  and  iron 
and  an  aluminous  portion  which  is  not  carried  away  by  percolat- 
ing waters.  From  the  decay  of  hornblende  and  mica  princi- 
pally, kaolins  are  universally  more  or  less  iron-stained,  and  often 
to  such  a  degree  as  to  render  the  deposit  unavailable  as  a  source 
of  potter's  supply.  Kaolin  deposits  are  contaminated  with  iron 
or  free  from-  that  element  according  as  they  originate  from  ig- 
neous rocks  bearing  ferruginous  minerals  or  free  from  the  same. 
The  following  comparative  analyses  of  a  fresh,  unweathered 
gneissic  granite  and  the  decomposition  product  of  the  same  will 
show  in  a  general  way  the  relative  losses  of  the  different  con- 
stituents.* 

^PBR  CBNT-^ 
Fresh.    Decomposed. 
Silica  (SiO,) 60.69       45.31 

Alumina  (Al.O,) 16.89  26. SS 

Iron  oxide  (Fe.Oa) 9  06  12.18 

Lime  (CaO) 4.44  Trace 

Magnesia  (MgO) : . .  1 . 06  40 

Potash  (K,0) 4.25  1.10 

Soda(Na,0) 2.82  .22 

Phosphoric  acid  (PaOg) 0.25  .47 

Ignition  (H.O) 0.62  13  75 

Total 100.08        9J.95 


*  Merrill:  Rookd,  Rock  Weatherlag and  Soils,  p.  215. 
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That  there  is  a  loss  of  some  of  the  constituents  and  a  propor- 
tionate gain  in  others  is  clearly  proven  by  many  instances,  but 
as  to  just  what  the  active  agents  are  in  bringing  about  this 
change,  scientists  are  divided  in  opinion.  Weathering  is  known 
to  be  very  effective  in  bringing  about  these  chemical  changes 
near  the  surface  where  it  is  most  active.  In  some  cases,  how- 
ever, granitic  rocks  are  kaolinized  to  a  depth  of  from  50  to  100 
feet.  It  seems  hardly  probable  that  this  could  have  been  brought 
about  by  the  action  of  descending  water,  and  another  theory  is 
advanced  to  account  for  such  deep  deposits.  Indeed,  some  authors 
would  account  for  all  kaolin  formation  amd  much  of  the  decay 
of  igneous  rocks  through  the  action  of  ascending  acid  vapors,  or 
mineralizers,  important  among  which  are  fluoric  vapors.  Experi- 
menlts  have  shown  that  feldspar,  when  exposed  to  vapors  of 
hydrofluoric  add,  decomposes  into  a  silicate  of  alumina,  soluble 
fluorids  of  the  alkalis,  and  silica.  In  support  of  this  theory  it 
may  be  mientioned  that  kaolinization  takes  place  at  depths  be- 
yond which  weathering  is  thought  to  extend;  kaolin  is  often 
associated  with  mineral  fluorids;  and  lastly,  unaltered  sulfids 
are  found  in  kaolins  which  would  certainly  have  decomposed 
under  weathering  influences  as  they  are  always  one  of  the  first 
to  yield.  In  the  laboratory*  hydrofluoric  acid  attacks  and  decomt 
poses  other  silicate  minerals  as  well  as  feldspar.  The  fact,  how- 
ever, that  the  micas  are  nearly  always  present  in  residual  clays 
in  unaltered  condition,  constitutes  a  very  vital  objection  to  the 
fluorine  theory.  The  kaolin  beds  of  Eastern  United  States  are 
thought  not  to  belong  to  the  fluoric  type  but  are  due  to  surface 
weathering.  In  the  West,  notably  in  the  Cripple  Creek  region 
of  Colorado,  are  found  kaolin  deposits  whose  origin  can  be  ex- 
plained only  through  the  action  of  ascending  vapors  or  liquids. 
Those  of  Zettlitz,  Bohemia  and  Cornwall,  England  are  likewise 
cited  as  examples  of  the  Cripple  Creek  type. 
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Considered  as  geological  agents,  the  influences  that  have 
effected  these  transformations  are  at  work  today  as  in  past  ages.  • 
We  find,  therefore,  intermediate  stages  between  the  crystalline 
rock  and  that  of  complete  kaolinization,  each  particular  stage  of 
the  gradation  being  somewhat  transitory.  Many  of  the  kaolin  beds 
consist  of  only  partially  modified  grains  of  feldspar  which  are 
more  or  less  protected  by  the  thin  coating  of  the  hydrous  silicate 
of  alumina  that  has  formied  around  their  exterior.  Most  kaolins 
still  retain  larger  or  smaller  proportions  of  the  alkalis  and  only 
a  few  approach  the  composition  of  kaolinite,  AI2O3,  2Si02,  2H2O. 

SECONDARY  CLA7S. 

CLAYS  DEPOSITED  IN  STILL  WATER. 

Beds  of  rock  laid  down  mechanically  in  still  water  consist  of 
the  most  finely  comminuted  rock  fragments.  These  fragments 
have  remained  in  suspension  in  the  water  which  transported 
them,  through  all  variations  of  velocity,  until  borne  into  some 
body  of  quiet  water  they  were  slowly  deposited  in  the  order 
of  their  size  and  specific  gravity.  The  great  bulk  of  the  argil- 
laceous materials  used  in  the  ceramic  industries  is  derived  from 
still  water  deposits. 

Fire  CUiys.— Fire  clay,  as  the  namie  indicates,  designates  a 
clav  that  will  withstand  the  action  of  fire.  The  extent  to  which 
a  clay  will  withstand  heat,  determines  whether  it  will  be  placed 
in  a  classification  as  a  fire  clay  or  as  a  member  of  a  less  refractory 
group.  In  a  metallurgical  sense,  fire  clays  are  such  as  fuse  only 
at  temperatures  suflSciently  high  to  allow  of  their  use  in  furnace 
walls  and  other  positions  where  they  will  be  subjected  to  the 
highest  heats  used  and  still  retain  their  form  and  previous  con- 
dition, physical  and  chemical.  As  the  temperatures  employed  in 
different  metallurgical  industries  vary  to  a  considerable  degree, 
so  in  order  to  meet  these  conditions,  fire  clays  must  vary  equally 
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in  refractoriness.  If  a  clay  fulfills  its  purpose  when  moderate 
temperatures  are  employed,  it  is  as  truly  designated  fire  clay 
as  are  those  that  stand  much  more  elevated  temperatmres.  Poi> 
ular  Visage  has,  however,  broadened  or,  rather,  distorted  the  sig- 
nificance of  the  termi,  and  it  has  come  to  be  applied  to  all  seams 
of  clay  found  beneath  beds  of  coaJ.  Such  usage  undoubtedly 
comes  from  the  fact  that  some  of  the  best  fire  clays  are  found 
in  this  position.  But  it  seems  best  to  limit  the  scope  of  the  term 
fire  days  to  those  days  which  are  eminent  in  fire  resisting  qual- 
ities as  shown  above. 

On  the  foregoing  considerations,  fire  clays  may  be  divided 
into  highly  refractory  and  moderately  refractory. 

The  highly  refractory  clays  include  two  varieties,  viz.,  so^ 
called  flint  or  non-plastic  fire  clays  and!  plastic  fire  clays:  These 
clays  approach  kaolin  very  closely  in  composition^  being  almost 
entirely  free  from  the  oonmion  fluxes.  A  percentage  of  free, 
finely  divided  silica  is  usually  present.  They  are  used  in  the 
manufacture  of  glass  pots  and  crucibles,  fire  bricks  and  other 
wares  in  which  the  refractory  quality  is  requlisite. 

The  origin  of  both  plastic  and  flint  clays  seems  to  have  been 
similar.  Although  not  always  found  beneath  seams  of  coal,  the 
best  evidence  goes  to  show  that  these  pure  clays  are  residual 
soils  that  have  supported  vegetable  growths  and  from  which 
all  materials  available  for  plant  food  have  been  extracted.  The 
method  of  deposition  may  have  been  in  no  way  different  from  that 
of  more  impure  clays,  but  they  have  undergone  a  purifying  proc- 
ess through  the  action  of  organisms  and  the  agents  of  weathering 
which  has  left  them  essentially  a  hydrous  silicate  of  alumina. 

The  flint  clays  are  characterized  by  their  stony  hardness  and 
their  lack  of  plasticity  no  matter  how  finely  ground.  The  cause 
of  this  condition  is  as  yet  unsolved,  but  it  is  thought  to  be  due 
to  the  physical  rather  than  the  chemlical  constitution.  Wheeler* 
states  that  the  flinty  nature  is  probably  due  to  alteration  by 

*  Cl»78  of  Bfiflsooii,  page  S06. 
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leaching  and  a  recrystallization  of  the  kaolinite.  Orton*  also 
suggests  that  this  characteristic  is  likely  due  to  incipient  crystal- 
lization of  the  clav. 

Under  these  premises  and  our  conception  of  the  flaky,  scaly 
structure  of  a  clay  as  the  chief  cause  of  plasticitj^,  it  would 
appear  that  a  flint  clay  when  finely  comminuted  should  become 
plastic  as  do  other  clays.  This  secondary  crystallization,  how- 
ever, affects  the  clay  as  a  mass  and  does  not  develop  individual 
plates  or  scales.  When  ground,  it  does  not  consist  of  small  sep- 
arate crystals  but  of  the  powder  of  one  large  crystal  of  kaolinite, 
so  to  speak.  Accepting  the  thin  plaite  theory  of  plasticity,  it  is 
believed  that  there  is  a  possible  explanation  along  this  line. 

The  plastic  fire  clays  differ  little  in  composition  but  are  less 
refractory  than  the  flint  clays.  In  use,  it  is  evident  that  some 
bonding  clay  must  be  employed  with  the  flint  clays,  for,  because 
of  their  lack  of  plasticity,  it  would  be  impossible  to  use  them 
alone.  The  flint  and  bond  clays  are  in  this  way  necessarily  used 
in  conjunction,  the  former  possessing  the  better  heat-resisting 
qualities,  the  latter  furnishing  the  bond  which  holds  the  ware 
intact. 

No  Iowa  clays  have  as  yet  been  exploited  that  have  the 
requisite  composition  for  a  No.  1  fire  clay.  Most  coal  seams  are 
underlain  with  fire  clay,  as  the  termi  is  popularly  used,  and  in 
some  cases  these  clays  are  employed  in  the  manufacture  of  fire 
brick,  but  the  ware  is  of  an  inferior  grade.  It  is  highly  probable 
that  Iowa  possesses  good  fire  clay  beds  not  yet  discovered  which 
sooner  or  later  will  be  utilized. 

The  moderately  refractory  fire  clays  include  those  clays  which 
stand  a  sufficiently  elevated  temperature  to  be  used  in  the  manu- 
facture of  the  classes  of  ware  which  require  a  salt  or  natural 
slip  glaze.  The  degree  of  heat  necessary  in  the  use  of  salt  as  a 
glaze   is   at  least   2000°  F.     Temperatures  fromi  2203°  up  are 

•Oeologyof  Ohio,  VoL  YII,  page  63,  1893 
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required  for  slip  and  Bristol  glazes.  Wheeler*  sets  the  limit 
which  a  clay  must  stand  without  melting  t6  merit  the  name  *  *  fire 
clay''  at  2500°  F.  As  many  sewer  pipes  burnt  at  salt  glazing 
temperatures  are  more  or  less  vitrified,  it  is  probable  that 
Wheeler's  standard  of  2500°  will  need  to  be  lowered  slightly  to 
include  this  class  of  ware. 

Clays  of  this  class  are  obtain^  almost  universally  from  the 
Coal  Measures^  commonly  the  under  clays.  In  derivation  they 
do  not  differ  from  the  more  refractory  clays,  their  principal 
variations  being  the  presence  of  larger  proportions  of  the  flux- 
ing impurities,  especially  iron.  Plant  action  has  not  thoroughly 
removed  all  impurities,  or  the  impurities  may  have  been  brought 
in  and  left  by  water  carrying  them  in  solution. 

Shales.— The  shales  compose  much  the  larger  amount  of  the 
materials  used  in  the  manufacture  of  clay  wares.  They  con- 
sist of  a  mixture  of  the  residual  minerals  from  the  decay  of  all 
classes  of  rocks.  Shale  beds  are  always  stratified  and  are  usually 
compact  and  somewhat  slaty  in  structure.  Where  unexposed  to 
weathering  influences,  a  distinct  slaty  cleavage  is  often  present 
indicating  an  advanced  stage  of  induration  or  incipient  meta^ 
morphism. 

The  shale  clays  are  not  commonly  plastic  clays,  but  when 
finely  ground  or  subjected  to  weathering  processes  they  becomb 
very  plastic.  Their  plasticity  is  latent.  A  breaking  down  of 
their  more  or  less  indurated  structure  by  one  of  the  above  proc- 
esses is  necessary  in  order  that  a  mixture  with  water  will 
develop  this  requisite  propert>\ 

The  slaty  shales  are  those  which  have  lost  a  proportion  of 
their  water  or  hydration  through  the  metamorphosing  action  of 
heat  and  pressure.  All  degrees  of  transition  exist,  from*  the 
readily  plastic  shale  to  the  anhydrous  slate.  Such  slaty  shale, 
when  used  in  conjunction  with  the  plastic  varieties,  serves  the 

*  Clays  of  Ifiasoari,  page  20. 
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purpose  of  sand  or  grog  in  lessening  shrinkage,  but  it  has  no* 
bonding  power. 

Bituminous  and  carbonaceous  shales  are  those  which  still  con- 
tain a  percentage  of  the  organic  or  carbonaceous  matter  that  wa& 
deposited  contemporaneously  with  them.  They  usually  have  a 
compact  structuire,  dark  color  and  even  a  bituminous  odor. 
When  employed  in  the  manufacture  of  clay  goods,  they  furnish 
a  portion  of  the  fuel  necessary  in  burning,  and  a  kiln  of  ware, 
when  heated,  is  frequently  allowed  to  stand  for  several  hours 
without  the  addition  of  any  combu&tible  until  the  contained  car- 
bonaceous matter  of  the  clay  is  consumed. 

The  term  ^^clay  shale"  is  meant  to  designate  those  shales, 
which  in  themselves  are  utilizable  for  the  manufacture  of  clay 
products.  A  bituminous  or  calcareous  shale  must  be  mangled 
with  some  purer  variety  as  a  dilutent  to  be  successfully  used. 
The  non-plastic  shales  are  used  with  more  plastic  materials. 
The  great  bulk  of  the  shale  strata  that  are  used  in  clay  manu- 
facture is  such  as  is  not  characterized  by  the  preponderating 
presence  of  any  one  impurity.  The  amounts  of  those  that  are 
present  are  not  sufficient  to  hinder  its  use  alone  in  the  manu- 
facture of  any  given  class  of  ware.  To  these  the  term  *^clay 
shale"  is  applied. 

The  shales  of  Iowa  belong  largely  to  the  Coal  Measures,  but 
valuable  beds  are  also  found  in  the  Devonian  strata. 

DEPOSITED  FROM  RUNNING  WATER. 

Alluvium. — The  bodies  of  silty  material  that  are  found  along 
most  of  the  older  streams  of  today  are  known  as  alluvium.  They 
consist  of  interstratified  layers  of  sand  and  fine  gravel  and  silt, 
often  attaining  great  thicknesses.  These  deposits  are  put  down 
by  the  streams  during  periods  of  high  water,  when  they  overflow 
their  banks  and  sometimes  flood  large  areas.  The  character  of 
the  deposit  evidently  depends  on  the  material  carried  as  well  as 
on  its  physical  condition,  fineness  of  grain,  etc. 
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Oftentimes  the  material  is  of  such  a  nature  that  it  is  usable 
in  making  some  of  the  cruder  clay  wares.  It  often  possesses 
a  high  d^ree  of  plasticity  but  is  usually  aooompanied  by  an 
excessive  shrinkage  in  drying.  While  the  one  quality  is  quite 
necessary,  the  other  is  frequently  the  inevitable  hindrance  to 
the  use  of  alluvium  as  a  clay  supply. 

Loam.— In  regions  covered  with  drift  or  glacial  till  deposited 
by  continental  glaciers,  the  lowland  soils  are  spoken  of  as  loam. 
Their  derivation  is  from  the  hills  and  plateaus  of  drift  from 
which  they  have  been  gradually  accumulated  in  less  elevated 
or  sloping  positions.  They  consist  of  partially  decayed  and 
weathered  material  from  the  higher  slopes  that,  when  loosened, 
is  carried  downward  to  lower  level®.  Loam  in  composition  is 
little  different  from  the  river  alluvium  of  glaciated  countries, 
being  made  up  of  the  debris  of  Weathered  rocks  which  has  been  • 
subjected,  to  some  extent,  to  the  action  of  plant  life.  It  is  usu- 
ally dark,  sometimes  black,  in  color,  not  very  plastic  when  wet^ 
and  although  commionly  intermixed  with  considerable  sand,, 
shrinks  largely  in  drying  and  does  not  produce  a  strong  clay 
body. 

Loam  is  ulsed  in  some  localities  for  brick  and  tile  making.  It 
bums  a  deep  red  color  but  will  not  stand  a  high  temperature. 

DEPOSITED  BY  GLACIAL  ACTION. 

Bawlder  Clay.— As  previously  mentioned,  the  name  bowlder 
clay  is  applied  to  the  heterogeneous  deposit  spread  over  a  great 
portion  of  the  country  by  sheets  of  moving  ice.  Whether  or 
not  such  a  deposit  contains  suflScient  of  the  clay  element  to  be 
of  use.  as  a  source  of  supply  depends  upon  the  region  from  which 
it  has  been  transported.  Where  the  ice  has  passed  over  areas 
whose  country  rock  is  largely  shales,  the  final  deposit  will  be 
in  large  part  argillaceous  material.  Instances  are  not  lacking 
where  large  masses  of  shale  strata,  as  well  as  of  other  rocks, 
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have  been  bodily  carried  for  some  distance  and  dropped  in  a 
practically  undisturbed  condition.  But  the  bulk  of  the  clay  con- 
stituents of  the  drift  is  pulverized  and  thoroughly  kneaded 
together  with  the  rock  meal  of  other  strata. 

Besides  the  finely  powdered  rock  substance  the  drift  com- 
monly contains  numerous  bowlders,  large  and  small,  and  pock- 
ets cf  sand  scattered  promi'Scuqlusly  throughout.  It  is  only  in 
exceptional  instances  that  drift  is  suflSeiently  free  from  bowl- 
ders and  high  enough  in  clay  subsitance  to  be  used  for  clay  man- 
ufacture. It  is  sometimes  possible,  where  the  bowlders  are  com- 
paratively few,  to  remove  tliem  by  hand  picking,  but  this  method 
is  seldom  profitable.  The  nearly  universal  presence  of  frag- 
ments of  limestone  is  often  an  effective  hindrance  to  the  use  of 
deposits  of  bowlder  clay  for  making  clay  products. 

In  newly-opened  banks  of  this  character,  and  especially  in  the 
deeper  portions  of  the  bank,  the  clay  has  ordinarily  a  bluish 
shade.  This  ife  due  in  large  part  to  the  fact  that  the  contained 
iron  compounds  are  predominatingly  ferrous.  Near  the  surface 
of  such  a  bank  weathering  and  percolating  waters  have  altered 
these  lower  compounds  of  iron  to  the  ferric  condition,  which 
change  is  largely  responsible  for  the  yellow  or  reddish  color  in 
these  parts.  In  the  older  drift  regions  leaching  has  progressed 
to  greater  depths,  and  a  section  of  considerable  thickness  mlay 
show  a  state  of  thorough  oxidation,  the  entire  mass  being  iron- 
stained  to  a  yellow  or  reddish  cast.  Further  than  the  mere  oxi- 
dation of  the  attackable  compounds,  the  leaching  process  removes 
some  of  the  soluble  constituents  whose  presence  in  the  clay 
would  be  detrimental  to  its  economic  use.  In  these  respects, 
therefore,  the  weathered  and  leached  glacial  till  is  in  a  better 
condition  to  be  employed  in  manufacture  than  the  blue,  unmodi- 
fied deposit. 

Many  of  these  clays  are  very  plastic  and  workable,  and  in 
some  places  they  are  used  to  a  considerable  extent  in  the  brick 
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and  tile  busmess.  They  are  quite  strong  and  their  shrinkage  is 
not  excessive.  The  most  serious  drawback  to  their  more 
extended  use  is  their  heterogeneous  composition* 

DEPOSITED  BY  WINDS. 

Lo^ss.— 'Over  large  areas  in  the  Central  United  Statte  occur 
deposits  of  a  calcareous,  silty  material,  the  so-oaJled  loess  of  the 
Germans.  In  some  places  the  loess  is  at  the  surface  and  in  part 
resix>nsible  for  the  topography.  It  is,  however,  often  found 
intercalated  between  two  of  the  newer  drift  sheets.  The  loess 
in  the  stratigraphic  column  of  Iowa  appears  to  beai  a  constant 
relation  to  one  of  the  later  sheets  of  till  and  this  relation  is 
thought  to  be  genetic.  Its  derivation  from  the  till  is  not  fully 
understood  or,  at  least,  not  agreed  upon  by  geologists.  Accord- 
ing to  one  theory,  accumulation  was.  brought  about  by  quiet 
deposition  in  extensive  lake  beds  existing  during  the  closing 
stages  of  the  glacial  period.  A  second  theory,  and  the  one  that 
appears  to  answer  more  fully,  perhaps,  many  of  the  questions 
connected  with  the  so-called  ** loess  problem,**  is  that  of  its 
accumulation  by  winds.  Under  thisi  hypothesis,  these  immense 
and  irregular  heaps  of  finely  commlinuted  rock  detritus  were 
formed  by  wind-drifting  from  the  recently  ice-vacated  areas  of 
drift  deposits. 

The  loess  consists  of  only  the  finer  particles  occasionally 
interspersed  with  streaks  of  sand.  Stratification  is  usually 
absent,  sections  of  fifty  or  more  feet  often  showing  no  break  in 
the  continuity  of  the  deposit  Vestiges  of  stratification  lines 
are  frequently  observed,  but  assuming  such  directions  as  to  be 
scarcely  accounted  for  by  water  deposition.  Examination  with 
the  microscope  shows  the  constituent  particles  to  be  mostly  angu- 
lar and  to  range  in  size  from  .1  mm.  in  diameter  to  impalpability 
not  measurable  with  the  highest  power  of  the  microscope.  Prac- 
tically all  of  the  particles  pass  readily  through  the  150-mesh 
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screeiL  Mixed  -with  water,  loess  is  worked  with  difficulty  and 
develops  very  imperfect  plas-ticity.  It  is  short  and  hard  to  mold 
and  to  dry  'safely. 

Loess  is  used  in  Iowa  at  numerous  points  for  brick  manufac- 
ture with  a  success  varying  from)  indifferent  to  excellent^  depend- 
ing on  the  process  employed.  The  largest  deposits  of  loess  clay 
are  coextensive  with  the  larger  river  valleys  of  the  state  and 
the  principal  plants  making  use  of  it  are  located  along  these 
streams. 
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Oomposition  and  Chemical  Properties. 

As  shown  in  Chapter  I,  the  essential  components  of  clay  are 
silica,  alumina  and  water  in  chemical  combination,  a  hydrous 
silicate  of  alumina.  That  kaolinite  is  the  only  hydrous  silicate 
of  alumina  in  clays  is  questioned  by  some  writers  from,  the  fact 
that  some  of  the  purer  varieties,  as  the  flint  fire  clays,,  show  a 
higher  percentage  of  alumina  than  i©  contained  in  kaolinite. 
Wheeler*  quotes  analyses  of  Missouri  flint  clays  which  run  as 
high  as  43  per  cent  of  alumina.  Pure  kaolinite,  as  given  on  a  pre- 
ceding page  carries  only  39.8  per  cent. 

The  presence  of  pholerite,  a  more  highly  aluminous  silicate 
has  been  proved  for  some  Missouri  flint  fire  clays  and  New  Jer- 
sey fire  clays.    Pholerite  has  the  ooijiposition : 

Silica  (SiO,) 39.3 

Alumina  (AUO,) -..45.0 

Water  (H,0) 15.7 

The  chemical  formula  expressing  this  composition  is  2AI2O3, 
SSiOa,  4H2O.    The  excess  of  alumina  in  the   clays   mentioned 

*Clajs  of  MlsBonri.  pp.  50-51. 
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is  explained  by  assuming  the  presence  of  a  mixture  of  pholerite 
and  kaolinite. 

In  ordinary  shales  and  alluvial  clays  the  proportion  of  the 
non-essential  oonj&tituents  or  impuritie®  is  so  large  that,  by  analy- 
sis, it  is  usually  impossible  to  detect  the  existence  of,  or  distin- 
guish between,  these  two  minerals.  Their  composition  and  prop- 
erties are  all  very  similar,  and  this  portion  of  the  composition 
of  a  clay  is  commonly  spoken  of  as  day  substance.  It  may  be 
said,  then,  that  in  the  components  of  a  clay  are  included  the  clay 
substance,  or  plastic  constituents,  ^nd  the  impurities,  or  non- 
plastic  minerals.  Each  of  these  exerts  its  own  individual  influence 
on  the  behavior  of  a  clay.  The  amount  and  character  of  the 
imipurities  determine  largely  the  use  to  which  a  clay  may  be  put. 
Brief  consideration  will  be  given  to  the  common  impurities 
found  in  clays  and  the  effects  of  such  impurities  on  utilization. 

Clay  substance  is  essentially  the  hydrous  alumina  silicate, 
kaolinite,  or  in  chemical  analysis,  it  is  that  portion  of  a  clay  solu- 
ble in  hot  sulphuric  acid  and  sodium  carbonate.  This  commonly 
corresponds  fairly  well  with  the  formula  of  kaolinite.  The  per- 
centage amount  in  various  clays  runs  from  practically  pure 
kaolinite  in  the  flint  clays  and  some  kaolins,  to  as  low  as  one  or 
two  per  cent  in  alluvial  and  lake  claysi,  as  determined  by  the 
rational  analysis. 

Pure  clay  substance  constitutes  one  of  the  most  refractory  of 
minerals.  It  is  a  residuum  from  the  weathering  of  mineral  com- 
pounds, and  is  itself  almost  unattacked  by  this  influence.  The 
term  refractory,  however,  as  used  in  the  metallurgical  industries, 
means  the  ability  of  a  material  to  withstand  high  tem(peratures. 
In  this  sense,  kaolinite  is  considered  invincible  or  as  an  infusible 
substance.  It,  therefore,  is  the  heat  resisting  element  of  clays. 
All  the  accessory  mineral  substances  found  in  clays  serve  in  the 
capacity  of  fluxes  and  lower  the  fusing  point  of  the  kaolinitic 
base. 
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Kaolinite  becomes  AI2O3,  2Si02,  when  subjected  to  dehydra- 
tion temperatures  and  melts  only  at  an  excessively  high  heat. 
This  formula  expresses  the  composition  of  Seger  cone  35,  which 
softens  at  3326°  F.,  or  1830°  C,  a  temperature  somewhat  above 
that  necessary  to  melt  plaitinum.  Alumina  alone  is  melted  only 
in  the  electric  furnace,  and  requires  a  higher  temperature  than 
silica.  Mixtures  of  these  two  oxids  vary  in  fusibility  with  the 
proportions  of  each  present  Additions  of  silica  to  alumina 
lower  the  fusion  point  until  a  mixture  with  the  molecular  pro- 
portions AI2O3, 17Si02,  has  been  reached.  This  is  the  most  fusi- 
ble admixture  of  the  two  substances.  Up  to  this  point  silica  acts 
as  a  flux.  Further  increment  in  the  silica  content  causes  the 
resulting  mixture  to  become  less  fusible.  For  instance,  AI2O3, 
20SiO2  would  stand  a  higher  temperature  before  fusion  than 
AI2O3,  18Si02.  The  influence  of  the  silica  has  reached  its  maxi- 
mjum,  beyond  which  point  it  continues  to  approach  the  true 
melting  point  of  free  silica,  which,  however,  is  not  so  high  as 
that  of  alumina. 

Water  is  found  in  all  clays  in  two  conditions:  as  mechanical 
moisture;  as  chemically  combined  water.  When  clay  comes 
from  the  bank,  it  may  contain  even  40  per  cent  of  water.  After 
it  has  dried  in  the  air,  it  still  holds  a  small  amount  known  as 
hygroscopic  water,  all  of  which  is  not  expelled  below  212°  F. 
Clay  heated  to  this  temperature  and  allowed  to  stand  in  the  open 
air  will  again  absorb  water  approximately  equal  in  amount  to 
what  it  formerly  contained  when  air  dry.  The  percentage  of 
hygroscopic  m|oisture  ranges  fromi  .5  per  cent  in  open  textured 
clays  to  3  or  4  per  cent  in  clays  of  a  denser  texture. 

All  clays  contain  water  in  chemical  combination.  Kaolinite  is 
a  hydrous  mineral  having  nearly  14  per  cent  of  water.  There 
are  also  other  hydrous  minerals  usually  present  which  carry 
more  or  less  of  combined  water,  notably  limonite. 
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The  removal  of  the  water  of  oombination  requires  more  than 
drying  temfperatures.  It  is  largely  expelled  at  a  low  red  heat, 
about  1100°  F.,  though  small  amounts  still  linger  in  large  pieces 
of  ware  for  one  hundred  degrees'  or  so  higher  temperature. 

The  non-essential  components  of  clays,  or  the  impurities,  may 
be  classified  as  follows: 

Silica  -i  ^0™^^°®^  ^i^^  bases  in  feldspar,  mica,  etc. 
i  Free  silica  or  quartz  s^nd. 

Feldspar. 

Mica. 


Iron 


'  Silicates — hornblende,  angite,  etc. 
Ferric  hydroxid. 
Ferric  salfid. 
Ferrous  carbonate. 
Menaccanite. 
Magnetite. 


f  Silicates — oligoclase,  anorthite,  etc. 
I  Precipitated  carbonate. 

Lime •{  Limestone  fragments. 

I  Soluble  sulfate. 
L  Phosphate. 

f  Silicates— mica  and  some  feldspars. 
Magnesium   <  Carbonate. 
(  Sulfate. 


Alkalis—  Silicates . 

Organic  matter. 

•SILICA. 

It  has  been  shown  that  siUca  is  a  constituent  of  kaolinite  and 
its  action  when  raised  to  high  temperatures  has  been  considered. 

Silica  is  also  present  in  clays  as  a  constituent  of  the  other  sili- 
cate minerals,  feldspar,  hornblende  and  mica.  These  are  sili- 
cates of  the  alkalis,  alkaline  earths  and  iron.  Silica  acts  in  these 
minerals  in  its  normal  capacity  of  add.  Its  melting  pojnt  is 
much  lowered  dei>ending  upon  the  proportions  of  the  fluxing 
ingredients  present. 

The  percentage  of  silica  in  clays  of  such  silicate  minerals  is 
variable,  ranging  from  a  fraction  of  a  per  cent  in  pure  varieties 
to  25  per  cent  in  low  grade  clays.  It  is  very  diflScult  to  determine 
the  amount  present  in  this  condition  by  chemical  analysis. 
Chemical  methods  will  separate  the  free  quartz  sand  from  the 
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silica  ccmbined  as  kaolinite  and  mica,  for  these  minerals  are 
soluble  in  hot  sulfuric  acid.  Feldspar  is  not  aflfected  to  any 
degree  by  this  treatment.  By  means  of  the  so-called  '  *  rational ' ' 
analysis,  however,  combined  silica  is  assigned  to  these  different 
minerals  in  proportions  depending  upon  the  amounts  of  the  alka- 
lis present.  The  alkalis  are  considered  to  be  derived  from  feldspar, 
and  by  employing  the  ratio  commonly  existing  between  silica 
and  the  bases  in  typical  feldspar,  the  approximate  percentage  of 
this  mineral  may  be  calculated.  Tliis  method  of  analysis  is 
largely  employed  with  the  higher  grade  clays  used  in  the  manu- 
facture of  classes  of  ware  where  body  mixtures  of  clays  are 
required  and  where  it  i®  necessary  to  maintain  accurate  control 
of  the  composition- 
Free  silica  or  quartz  sand  is  one  of  the  most  abundant  con- 
stituients  of  clays.  It  occurs  in  disseminated  grains  of  vaaying 
size,  from  those  that  are  recognizable  with  the  eye  to  the  finest 
*  ^  grit, ' '  the  presence  of  which  can  only  be  ascertained  by  testing 
the  clay  between  the  teeth  or  examining  it  under  the  microscope. 
Sand  is  found  in  all  clays  in  amounts  from  1  per  cent  to  50 
and  60  per  cent  in  some  shales  and*  kaolins. 

Sand  exerts  both  a  physical  and  a  chemical  influence  on  a  clay. 
It  acts  as  a  fluxing  ingredient,  and  also  tends  to  decrease 
shrinkage. 

There  is  a  prevailing  idea  that  since  quartz  alone  is  infusible, 
the  fusibility  of  any  clay  to  which  it  may  be  added  will  be  de- 
creased. For  those  clays  that  contain  high  percentages  of  the 
common  fluxes  and  an  already  high  percentage  of  silica  in  pro- 
portion to  alumina,  this  will  hold  true.  Any  addition  of  silica 
to  such  a  clay  will  render  it  less  fusible.  This  would  include  all 
ordinary  brick  clays.  The  effect  of  silica,  however,  on  a,  highly 
aluminous  clay,  as  kaolinite,  low  in  fluxes,  is  to  lower  its  melting 
point.  A  siliceous  clay  can  never  be  highly  refra^ctory  in  the 
strictest  use  of  that  tenn. 


MIOA.  57 

Sand  is  often  added  to  clays  to  decrease  shrinkage.  This  it 
aocomplishes  by  producing  a  more  open  texture.  The  sand 
grains  themselves,  which  do  not  shrink,  occupy  space  which 
without  the  sand  would  be  filled  with  clay  that  now  shrinks  only 
around  the  grains.  The  formi  of  the  ware  is  better  preserved 
and  cracking  often  prevented  by  the  use  of  small  amounts  of 
sand. 

Sandy  clays  are  often  found  that  without  the  sand  would  be 
desirable  for  some  classes  of  manufacture.  On  this  class  of  clays, 
washing  has  been  practiced  to  some  extent  but  with  little  suc- 
cess. Unless  the  sand  is  quite  coarse,  this  means  of  removal  is 
not  practicable.  Further,  the  feldspar  grains  which  are  not  dis- 
tinguishable f  romi  quartz  sand  are  likewise  removed  in  the  wash- 
ing process. 

FELDSPAR. 

Feldspar  occurs  in  clays  in  small  rounded  or  angular  grains. 
It  cannot  commonly  be  diflferentiated  from  quartz  sand  but  has 
a  very  different  effect  on  the  clay.  Feldspar  serves  the  function 
of  sand  or  **grog'*  in  the  prevention  of  shrinkage  unless  the 
clay  be  subjected  to  a  sufficiently  elevated  temperature  to  cause 
chemical  union.  It  then  becomes  a  powerful  flux.  Feldspar  melts 
to  a  clear  glass  at  1100**  to  1200**  C,  and  being  a  silicate  of  the 
alkalis  is  very  detrimental  to  the  refractory  qualities  of  a  clay. 
Its  slow  fusion  favors  vitrification  and  makes  it  a  desirable 
ingredient  in  paving  brick  clays. 

MICA. 

Mica  is  found  in  most  clays.  It  exists  in  minute  scales  and 
plates  and  is  very  slowly  affected  by  weathering  influences.  The 
micas  are  silicates  of  alumina  and  iron  and  the  alkalis,  and  very 
commlonly  contain  magnesia.  Because  of  a  higher  percentage  of 
alumina  they  do  not  fuse  as  readily  as  feldspar  but  are  never- 
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theless  active  fluxes  at  slightly  higher  temperatures.  Their  pres- 
ence is  also  detrimiental  to  the  color  of  a  light  burning  day,  on 
account  of  the  small  percentage  of  iron  which  they  usually  carry. 
The  percentage  of  mica  in  clays  is  seldom  large  enough  to  be  of 
any  harm. 

IRON. 

As  indicated  in  the  outline,  iron  occurs  in  clays  in  several 
different  forms.  Clays  may  contain  iron  in  one  or  numerous  com- 
binations, but  it  may  be  said  to  be  universally  present  in  some 
form  in  all  clays  and  in  appreciable  amounts.  Iron  is  the  most 
important  coloring  agent  in  clays,  hence  its  presence  and  amount 
may  in  many  cases  determine  largely  the  value  of  a  clay. 

The  whitest  of  clays  carries  .25  per  cent  or  more  of  iron.  Fire 
clays  sometimes  analyze  as  high  as  6  per  cent.  Shales,  alluvium 
and  glacial  clays  are  so  interrelated  that  the  percentage  of  iron 
runs  about  the  same,  ranging  from  2  to  15  per  cent  expressed  as 
the  peroxid,  FegOg.  A  very  small  amount  of  iron  exists  in  clays 
in  silicate  combination,  as  in  hornblende,  augite  and  biotite.  The 
iron  thus  contributed,  however,  is  so  small  usually  as  to  be  incon- 
siderable, not  over  one  per  cent  at  the  outside.  Iron  as  ferric 
hydroxid,  Fe203  +  (n  Aq),  is  more  commonly  present  than 
any  other  form.  It  is  this  compound  which  givesi  largely  the 
reddish  or  brown  coloration  so  often  noticed  in  clays.  This  com- 
pound of  iron  is  the  final  result  of  the  action  of  the  agents  of 
disintegration  and  weathering  on  other  iron  compounds. 
Fe(0H)3  occurs  in  two  conditions:  (1)  finely  divided  as  it  was 
precipitated  from  solution  during  the  deposition  of  the  clay  sub- 
stance; (2)  in  the  form  of  concretions. 

From  the  method  of  deposition  of  the  precipitated  oxid  it  is 
widely  distributed  as  minute  particles,  and  as  such  is  aj>le  to 
exercise  its  maximimii  effect  on  the  clay.  On  burning,  the  com- 
bined water  is  lost,  and  the  iron  lakes  on  the  familiar  red  color 
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of  the  common  brick.    It  is  to  this  fonn  that  most  of  the  iron 
eflfects  in  clay  wares  are  due. 

The  concretionary  hydroxid  is  not  so  common  as  the  preceding 
form,  though  it  occurs  very  frequently.  This  form  is  due  to 
cher.-^ical  concentration  or  segregation  of  the  iron  particles  dur- 
ing or  following  the  deposition  of  the  clay.  In  some  instances 
they  may  result  from  the  oxidation  and  hydration  of  other  con- 
cretionary iron  compounds.  It  is  often  possible  to  remove  many 
of  these  concretions  by  hand  picking  in  the  handling  of  the  clay. 
They  produce  effects  on  the  ware  by  giving  it  a  blotched  appear- 
anee,  and  where  the  ware  is  burned  to  vitrification  fragments  of 
i]*on  of  this  character  will  not  amalgamate  into  the  body  as  do 
the  finely  distributed  particles,  hence  they  leave  a  roughened  sur- 
face. 

In  the  burning  of  clay  containing  ferric  oxid  no  further  change 
in  the  iron  ordinarily  takes  place  beyond  the  loss  of  water  of 
hydration.  If  the  heat  is  carried  high  enough  for  vitrification, 
and  the  kiln  is  frequently  allowed  a  period  of  reducing  atmos- 
phere, i.  e.,  with  little  draft  and  full  of  smoke,  the  state  of  the 
iron  is  apt  to  be  changed  to  the  ferrous  condition.  FeaOg,  or  the 
red  oxid,  will  be  reduced  to  FeO.  Combinations  between  FeoOs 
and  silica  are  thought  not  to  take  place  so  as  to  form  a  ferric 
silicate.  On  reduction  to  FeO,  which  is  a  violent  flux,  silicate 
combination  does  occur,  formting  the  brown,  black  or  greenish 
glassy  portion  so  common  on  the  surface  of  paving  brick  and 
unglazed  sewer  pipe.  Often  the  bricks  are  well  vitrified  and 
still  remain  of  a  red  color.  It  is  believed  that  in  this  vitrification 
the  iron  oxid  has  not  entered  into  combination  as  a  flux  but  is 
merely  in  solution  in  the  vitrified  mass. 

Ferric  sulfid  or  pyrites  is  a  comimon  constituent  of  clays,  as 
well  as  of  nearly  all  other  classes  of  rocks.  In  the  older  forma- 
tions it  is  found  most  abundantly.  It  occurs  in  the  form  of  con- 
cretions large  and  small  and  in  crystals  often  so  small  that  their 
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presence  is  undetected  without  the  use  of  a  lens.  Commonly 
it  appears  in  sparkling  yellow  grains  known  to  the  miners  as 
''shiuers"  or  *^ sulfur/' 

The  chemical  formula  is  FeSg.  Under  weathering  influences 
it  changes  very  readily  by  oxidation  to  FeS04,  especially  if  it 
is  in  the  formi  of  marcasite.  Ferrous  sulfate  is  quite  soluble  in 
water  and  may  be  carried  away  in  solution  or,  in  the  presence  of 
other  bases,  as  lime  or  magnesia^  easily  breaks  up  and  becomes 
Fe(0H)3,  ferric  hydroxid. 

Beds  of  clay  contaminated  with  iron  pyrites  can  often  te 
utilized  to  much  greater  advan'tage  by  subjecting  the  clay  before 
use  to  a  process  of  weathering.  The  clay  should  be  blasted  down 
and  loosened  up,  so  the  rain  waters  may  penetrate  it,  and  then 
allowed  to  stand  for  six  months  or  so.  This  length  of  time 
will  be  found  suflScient  to  do  away  with  much  troublesomie  iron 
sulfid  as  well  as  other  soluble  suibstanees. 

When  heated,  FeSg  loses  one  molecule  of  S  at  about  red  heat 
and  becomes  FeS.  As  the  heat  rises,  FeS  is  oxidized  to  FeO 
and  SO2,  the  latter,  being  a  gas,  ordinarily  passes  out  with  the 
other  combustion  gases.  In  the  presence  of  steam  and  any  com- 
pound, as  FcjOg,  capable  of  reduction,  SO2  may  be  oxidized  to 
SO3,  which,  with  steam,  becomes  sulfuric  acid.  Any  substances  . 
in  the  clay,  such  as  magnesium,  or  lime  carbonate,  that  are  sus- 
ceptible to  combination  with  this  acid,  are  attacked,  and  salts 
are  formed  on  the  surface  of  the  ware.  The  same  result  may  be 
brought  about  by  sulfur  in  the  coal.  These  two,  along  with  the 
soluble  materials  which  the  clay  itself  may  contain,  ccmstitute 
the  important  sources  of  whitewashed  or  * '  saltpetered "  ware. 

After  oxidation  of  the  iron  to  FeO,  this  compound  either  goes 
into  combination  with  silica,  becoming  the  black  ferrous  silicate, 
or,  if  the  kiln  atmosphere  be  oxidizing,  may  be  further  oxidized 
to  FcaOg,  in  which  condition  it  does  not  act  as  a  flux.  Its  distri- 
bution in  crystalline  grains  makes  iron  sulfid  objectionable  as 
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they  appear  on  the  finished  product  as  blotches  of  slag  or  specks 
of  iron  stain. 

Clays  contain  ferrous  carbonate,  FeCOg,  in  two  forme,  precipi- 
tated and  concretionary.  The  precipitated  carbonate  is  distrib- 
uted in  the  clay  in  minute  particles  deposited  contemporaneously 
with  the  settling  of  the  clay  iteelf.  To  the  raw  clay  it  imparts 
a  blue  or  slate-gray  color  when  present  in  considerable  quantity. 
It  is  most  common  in  shales.  The  presence  of  iron  carbonate 
may  be  detected  by  testing  with  warm  hydrochloric  add.  Effer- 
vescence indicates  the  presence  of  a  carbonate. 

The  day-iron  stones  so  common  in  the  Coal  Measures  are 
largely  composed  of  iron  carbonate.  Nodules  of  this  material  varj'^ 
from  a  fraction  of  an  inch  to  a  few  feet  in  diameter.  Often  they 
are  partially  modified  to  iron  peroxid  or  hydroxid,  which  change 
is  evident  by  the  red  or  brown  color.  The  formation  of  iron  con- 
cretions is  not  fully  understood.  Examples  of  the  segregation 
of  minerals  from  a  matrix  in  which  they  were  originally  dissemi- 
nated in  fine  particles  are  very  common.  Such,  aooumulation 
seems  to  be  due  to  some  inherent  property  which  mineral  sub- 
stances possess  of  attracting  to  themselves  particles  of  like  com- 
position. The  formation  of  concretions  of  this  sort  is  a  process 
of  concentration. 

The  nodular  carbonate  may  be  removed  largely  by  hand  pick- 
ing or  washing,  but  that  chemically  precipitated  and'  scattered 
throughout  the  body  of  the  clay  can  only  be  removed  by  digestion 
with  add.  This  method  is  too  expensive  to  be  put  in  general 
practice. 

Pyrometrically  iron  carbonate  is  hostile  to  refractcriness.  It 
works  as  a  strong  flux,  as  do  other  ferrous  compounds.  When 
heated  it  loses  CO2  and  is  reduced  to  FeO.  The  latter,  on  a  fur- 
ther rise  of  temperature,  is  either  oxidized  to  FcjOa  when  the 
increase  in  heat  is  suflSciently  slow,  or  with  a  rapid  increase 
enters  into  combination  as  the  dark  ferrous  silicate,  FeO,  2Si02. 
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Both  menaocanite,  (TiFe)203,  the  titanate  of  iron,  and  mag- 
netite, Fe304,  exist  as  scattered  crystalline  granules  in  nxany 
igneous  rocks.  In  the  decomposition  of  these  rocks,  the  iron 
minerals  frequently  resis{  the  decomposing  agencies  to  such  an 
extent  that  clays  often  contain  them  in  their  original  crystalline 
forms.  Their  amount,  however,  is  small,  seldom  in  large  enough 
quantities  to  make  their  presence  manifest  by  any  influence  on 
the  clay  in  burning.  Menaccanite  is  the  more  resistant  to 
weathering  and  is  commonly  found  scarcely  at  all  changed. 
Fe304  weathers  slowly,  being  ultimately  modified  to  the  hydrated 
sesquioxid  which  imparts  a  red  or  brown  color. 

Metallic  iron  does  not  exi<&t  naturally  in  clays,  though  once  in 
a  while  such  articles  as  bolts,  nuts,  nails,  etc.,  find  their  way  into 
the  kiln.  At  high  temperatures  the  results  of  their  presence  are 
quite  disastrous.  To  melt  iron  requires  at  least  1500°  C,  or 
2732°  F.,  which  temperature  is  seldom  reached  in  burning  kilns. 
Melting  a  piece  of  iron  is  not  alone  accountable  for  the  fact  that 
it  sometimes  leaves  a  blemished  piece  of  ware  by  its  slagging 
and  fluxing  action.  Instances  are  not  wanting  where  a  large 
iron  fragment  has  penetrated  several  layers  of  ware  leaving  in 
its  wake  as  the  indelible  mark  of  its  presence  a  slagged  and 
sintered  mass.  When  iron  is  exposed  to  highly  heated  oxygen- 
carrying  gases,  a  scale  of  oxid  forms  on  the  exterior  which  is 
largely  Fe304.  This  oxid  fluxes  the  clay  in  immediate  contact, 
and  the  two  processes,  oxidation  of  the  iron  and  silicate  forma- 
tion, continue  together  until  the  iron  is  consumed.  In  this  man- 
ner a  piece  of  metallic  iron  is  able  to  work  its  way  through  a 
body  of  clay. 

LIME. 

Compounds  of  lime  are  very  frequently  met  with  in  nature. 
Their  importance  in  clay  working  operations  is  great,  for,  as 
with  iron,  the  presence  or  absence  of  lime  in  a  clay  often  decides 
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the  use  to  which  it  may  be  put.  Large  amounts  of  lime,  along 
with  other  fluxing  bases,  are  detrimental  to  a  paving  brick  clay. 
A  similar  amount  in  clays  low  in  other  fluxes,  used  for  the  man- 
ufacture of  grades  of  ware  requiring  unusually  high  tempera- 
tures, is  also  undesirable.    Lime  is  a  deleterious  constituent. 

Of  the  silicates,  some  of  the  feldspars  most  commonly  include 
lime  in  their  comiposition.  Oligoclase  and  anortliite  are  the  com- 
mon varieties  which  carry  lime  and  they  are  found  usually  in 
clays.  The  proportion  of  lime  contributed  by  silicates  is  low,  sel- 
dom exceeding  1  per  cent.  The  presence  of  lime  in  this  form  is 
diflBcult  of  detection,  though  it  is  possible  to  obtain  a  fairly  accu- 
rate estimate  of  the  feldspar.     Feldspar  in  clays  is  a  fluxing 

■ 

ingredient,  the  higher  in  bases,  alkalis  and  alkaline  earths,  the 
more  powerful  does  it  act  in  this  capacity.  In  this  state  of  com- 
bination lime  acts  with  the  other  fluxes  to  render  a  clay  more 
fusible. 

Calcium  carbonate  is  a  normal  constituent  of  many  clays.  In 
such  instances  it  was  deposited  by  precipitation  fromi  the  ocean 
waters  and  is  incorporated  throughout  the  clay  strata  in  a  finely 
divided  condition.  Its  presence  can  ordinarily  be  detected  by 
testing  with  cold  dilute  HCl.  Through  processes  of  concentra- 
tion,  these  particles  are  often  gathered  into  the  form  of  concre- 
tions. The  method  of  accumulation  is  probably  one  of  solution, 
as  lime  carbonate  is  quite  soluble  in  acid  waters.  Lime  is  found 
in  some  glacial  clays  and  very  frequently  in  the  loess,  in  nodular, 
sometimes  tube-like  forms,  so  connnon  to  the  latter  formation 
as  to  be  known  as  loess  mannchen  or  loess  ptlppohen,  from  the 
Germans.  Small  tubes  of  CaCOg  often  surround  plant  rootlets 
as  though  these  had  served  to  excite  accumulation  round  them. 
In  glacial  clays  principally,  also  to  a  lesser  extent  in  alluvial 
clays,  fragments  of  limestone  abound.  These  are  at  times  difficult 
to  contend  with,  as  they  can  only  be  remjoved  by  slumming,  which 
is  usually    impracticable.      These  limestone  particles  must  be 
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very  finely  ground!  or  they  produce  injurious  effects  on  the  man- 
ufactured  product 

In  the  finely  divided  condition,  lime  carbonate  is  most  harm- 
ful to  refractoriness.  It  loses  CO2  when  heated,  the  loss  com- 
mencing at  about  900**  C,  It  is  thus  left  in  the  condition  of  quick 
lime  and  susceptible  to  silicate  combination  with  advancing  heat. 
Whether  or  not  lime  in  this  condition  exert®  a  fluxing  influence 
depends  on  its  relative  proportion  to  the  other  bases  in  the  clay. 
A  shale  in  order  to  be  used  for  the  manufacture  of  vitrified 
wares  should  not  contain  much  lime.  Shales  are  usually  high 
in  the  other  fluxing  impurities.  When  the  requisite  temperature 
is  reached  the  fluxing  action  of  lime  is  very  rapid  and  a  kiln  of 
brick  may  be  melted  into  a  shapeless  mass  with  an  increase  of 
only  50°  to  75°  F.  Excepting  magnesia,  the  other  fluxes  are  less 
rapid  in  action  and  are  always  preferable  where  the  largest  pos- 
sible range  is  to  be  had  between  vitrification  and  fusion.  Where 
clays  containing  lime  carbonate  are  not  burnt  to  vitrification, 
and  especially  where  the  carbonate  exists  in  the  concretionary 
form,  great  harm  may  come  from  the  slaking  of  the  caustic  liine 
after  the  kiln  is  opened.  The  CO2  is  driven  off  early  in  burning 
and  the  chemical  combination  of  the  moisture  of  the  atmosphere 
or  of  rains,  where  the  brick  are  stacked  in  the  open,  form  cal- 
cium/ hydrate,  Ca(0H)2,  which  produces  chipping,  swelling  and 
bursting. 

Calcium  combined  as  the  soluble  sulfate,  gypsum,  is  very 
common  in  the  shales  and  clays  of  thie  older  formations.  It  is 
usually  crystalline,  though  also  occurring  in  grains  and  crystal- 
line masses.  Gypsum  is  so  soft  as  to  be  readily  scratched  with 
the  finger  nail,  and  in  this  way  may  be  distinguished  from  cal- 
cite  which  it  in  some  respects  resembles.  By  its  hardness,  and 
also  by  its  crystalline  form,  it  may  be  told  from  mica  or  *  *  isin- 
glass," a  term  that  is  commonly  although  incorrectly  applied  to 
this  mineral.     The  sulfate  is  probably  largely  formed  in  clays 
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by  the  action  of  sulfuric  acid,  resulting  from  the  decomposition 
of  iron  pyrites,  on  the  carbonate  of  lime.  Calcium  sulfate  is 
somewhat  soluble  and  may  be  deposited  or  removed  by  percolat- 
ing waters.    Chemically,  gypsum«  is  CaS04,  2H2O.    Part  of  the 

water  of  hydration  is  lost  at  a  low  temperature,  beginning  at 
lOO"^  C.   Plaster  of  Paris  is  manufactured  by  calcining  gypsum 

at  a  slightly  higjier  temperature.  At  500°  all  water  is  lost  and 
dead-burnt  plaster  resuits.  At  a  high  heat,  SO3  is  given  oflF, 
which  leaves  CaO.  In  the  presence  of  the  acid  silica,  such 
decomposition  is  facilitated,  and  the  limje  goes  into  silicate  com- 
bination. It  is  the  evolution  of  SO3  from  calcium  sulfate  that 
may  account  for  some  swelled  or  puflFed  brick,  especially  those 
tliat  have  been  carried  to  softening  in  burning.  Any  gas  set 
free  after  the  outer  portions  of  the  pieces  of  ware  have  begun 
to  fuse  will  encounter  difficulty  in  passing  outward  through  the 
now  non-porous  body,  and  ffllay  be  the  cause  of  swollen  waxe. 

On  mixing  clay  with  water,  some  of  the  soluble  sulfate  is 
taken  into  solution.  When  this  water  is  evaporated  in  the  dryer, 
such  soluble  matter  is  carried  to  the  eoirface  of  the  ware  and 
there  remains,  its  appearance  only  intensified  after  burning. 
Calcium  suilfate  is  a  very  usual  cause  of  the  white  efflorescences 
so  frequently  noticed  on  brick  walls. 

MAGNESIUM. 

Magnesium  occurs  in  clays  in  compounds  analogous  to  those  of 
calcium.  It  is  a  constituent  of  some  micas  but  is  seldom  present 
in  this  condition  in  proportions  high  enough  to  affect  the  behavior 
of  a  clay.  In  silicate  combination  it  acts  as  a  flux,  though  not 
so  violent  a  one  as  limie. 

In  the  forml  of  the  carbonate,  magnesium  is  most  frequently 
present.  Dolomite,  the  double  carbonate  of  limie  and  magnesia, 
is  its  common  occurrence.  As  with  limie,  this  mineral  is  both 
finelv  divided  and  disseminated,  or  in  crystals  and  concretion- 
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ary  masees.  Dolomite  is  soluble  in  hot  HCl,  but  it  is  not  possi- 
ble to  utilize  this  as  a  means  of  removal. 

A  hydrous  sulfate  of  magnesia  sometimes  exists  in  clays  where 
much  iron  sulfid  is  present.  Sulfuric  acid  generated  through  the 
decomposition  of  the  latter  attacks  comipounds  of  magnesia,  es- 
pecially the  carbonate,  forming  the  sulfate.  Magnesium  sulfate, 
or  Epsom  salts,  is  very  soluble  and  nmy  often  be  detected  by  the 
tongue.  In  well  weathered  and  leached  clays  this  compound 
seldom  exists,  and  clays  from  less  exposed  strata  may  be  freed 
from  it  by  a  process  of  weathering. 

Under  heat  the  behavior  of  the  magnesian  minerals  is  very 
similar  to  that  of  the  corresponding  compounds  of  lime.  Mag- 
.  nesium  is,  however,  not  so  severe  a  flux  at  high  temperatures  as  is 
limie.  The  sulfate  of  lime  and  magnesium  are,  on  account  of  their 
ready  solubility  in  water,  the  two  most  common  causes  of  efHor- 
esoences  in  clay  wares. 

ALKALIS. 

The  alkalis,  soda  and  potash,  occur  universally  in  clays  and 
mof?t  commonly  in  silicate  combinations,  as  feldspar,  less  fre- 
quently as  mica.  The  total  alkalis  vary  from  .5  to  10  per  cent  in 
Iowa  samples.  Wheeler  has  pointed  out  in  his  *  *  Clays  of  Missouri ' ' 
the  significance  of  the  presence  of  the  alkalis  in  determining  the 
predominating  species  of  feldspar  in  clays.  Clays  high  in  soda 
and  relatively  low  in  potash  probably  contain  largely  the  soda 
feldspar,  oligoclase,  albite  or  labradorite.  Likewise,  those  rela- 
tively high  in  potash  contain  orthoolase,  which  is  an  alumina 
silicate  of  potash.  Analyses  usually  show  both  potash  and  soda 
indicating  the  simultaneous  occurrence  of  the  different  varieties 
of  feldspars  in  most  clays.  Through  processes  of  weathering 
these  compounds  are  gradually  broken  up,  the  alkalis  taking  the 
form  of  soluble  salts,  sulfates,  carbonates  and  chlorids.  Small 
amounts  of  them  are  always  present,  but  commonly  so  small  as 
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to  be  inappreciable  in  their  eflFects  upon  the  clay.  Where  drainage 
is  imperfect,  soils  and  clays  are  not  leached  free  from  the  solu- 
ble constituents  and  the  salts  accumulate.  In  this  way  are  caused 
the  ' '  alkali ' '  lands  of  portions  of  the  central  and  western  states. 
In  silicate  combination,  as  feldspars,  the  alkalis  are  injurious 
to  the  refractory  qualities  of  a  clay  depending  on  the  fusibility 
of  the  feldspar.  Orthoclase,  the  potash  feldspar,  fuses  at  Cone 
1  and  would  exert  its  full  influence  as  a  flux  at  a  temperature 
a  little  higher  than  this.  The  sodla  varieties  are  even  nnore  fusi- 
ble than  the  potash  and  would  come  into  effect  at  lower  temper- 
atures. Their  action,  however,  at  fusion  temperatures  is  mild, 
softening  taking  place  slowly.  In  contrast  to  lime,  whose  action 
is  sudden  and  rapid,  the  feldspairs  are  favorable  to  vitrification, 
and  in  clays  used  in  the  manufacture  of  vitrified  wares,  paving 
brick,  sewer  pipe  and  pottery,  feldspar  is  an  essential  ingredi- 
ent That  there  be  a  considerable  interval  between  the  temper- 
ature of  softening  or  incipient  vitrification  of  a  clay  body  and 
complete  vitrification  or  incipient  fusion  is  a  necessary  requisite 
in  the  burning  of  all  vitrified  wares.  The  longer  this  interval 
the  better.  It  is  desirable,  then,  to  have  in  the  day  the  fluxing 
elements  which  best  meet  these  conditions.  As  has  been  pointed 
out,  the  presence  of  much  lime  is  detrimental  to  this  property,  and 
kilns  of  ware  made  of  limy  clays  are  occasionally  ruined  by  car- 
rying the  heat  a  few  degrees  too  far.  The  feldspars  are  the  most 
common  fluxes  as  well  as  the  most  readily  controllable  in  their 
action.  They  produce  a  dense  strong  body  on  vitrification  and 
since  they  evolve  no  gas  in  fusion,  never  alone  cause  puffing  or 
blowing  of  ihe  wares.  The  soluble  alkaline  salts  are  the  most 
effective  in  fluxing  capacity,  as  they  melt  mostly  at  or  below  red- 
heat  Their  quantity  is  so  small  that  any  effect  produced  by  them 
is  seldom  noticeable. 
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ORGANIC  MATTER. 

Many  clays,  and  especially  the  shales,  contain  organic  matter 
in  amounts,  varying  from  a  fraction  of  1  per  cent  to  8  or  10 
per  cent.  It  is  finely  divided  as  deposited  from  suspension  in 
water;  or  in  fragments  of  carbonaceous  material  representing 
probably  the  remlains  of  swamp  vegetation.  The  colors  imparted 
by  organic  matter  are  blue  or  black  and  varying  shades  of 
brown  and  red.  The  presence  of  iron  and  other  minerals  is 
sometimes  masked  by  the  prevailing  color  of  organic  matter. 
Frequently  days  of  reddish  sliades,  appiarently  highly  iron- 
stained,  show  on  analysis  very  low  percentages  of  iron.  These 
clays  derive  their  original  red  ooloi  from  contained  organic  mat- 
ter and  after  burning  display  the  true  color  determined  by  their 
mineral  constituents.  Most  organic  matter  is  lost  at  about  red 
heat  in  burning.  It  thus  is  fuel  that  instead  of  being  shoveled 
into  the  fire  holes  is  intermixed  with  the  clay  and  burned  in 
immediate  contact  with  the  particles  of  clay  which  are  to  be 
affected  by  the  heat  of  combustion.  For  this  reason,  where  a 
considerable  amount  is  present,  it  becomes  an  important  source 
of  heat  generation ;  but  it  becomes  available  at  a  temperature  in 
the  progress  of  the  kiln -where  very  slow  increase  is  imperative. 
In  this  regard  organic  mlatter  is  sometimes  the  cause  of  annoy- 
ing difficulties. 

UNCOMMON  CONSTITUENTS. 

The  occurrence  of  titanium  as  titanate  of  iron,  ilmenite,  has 
been  noted.  Titanium  rarely  occurs  in  needle  like  crystals  as 
the  mineral  rutile,  TiOg.  Its  influence  in  a  clay  is  not  fully  deter- 
mined and  in  chemical  anailysis  it  is  usually  weighed  with  the 
silica.  Its  effect  when  added  in  small  quantities  to  pure  kaolin 
and  burnt  is  to  produce  a  slightly  yellowish  body.  In  increased 
amount,  Seger  has  shown  that  it  produces  a  body  of  bluish  tint 
when  burnt  to  sintering.  Because  of  its  rare  occurrence,  it  is 
not  an  element  of  imix>rtance. 
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Manganese  as  the  oxid,  pyTolusite>  is  very  rarely  found  in 
common  clays  and  shales.  In  some  of  the  so-called  slip  clays  for 
glazing,  it  is  present  in  appreciable  quantity. 

Alum  occasionally  exists  in  clays  from  the  action  of  the  sul- 
furic acid  of  decomposing  iron  pyrites  on  aluminous  minerals. 
It  is  readily  soluble  in  water  and  does  not  occur  in  leached  days. 
When  present  in  appreciable  amounts  it  renders  the  clay  more 
fusible. 


CHAPTER  III. 

Physical  Properties  of  Clays. 

In  studying  the  clays  of  Iowa,  the  following  physical  proper- 
ties have  been  investigated,  a  knowledge  of  which  is  believed  to 
be  important  to  the  clay  worker.  They  are  listed  according  as 
they  apply  to  the  clay  in  the  raw^or  the  burnt  state.  Corre- 
sponding terms  applicable  to  both  the  raw  clay  and  manufac- 
tured product  are  discussed  together. 

RAW  CLAY.  BURNT  CLAY. 

Stmcture.  Structure. 

Color.  Color. 

Peel.  Strength. 

Slaking.  Shrinkage. 

Strength .  Porosity . 

Bonding  power.  Specific  gravity. 

Plasticity.  Pusibility. 

Shrinkage. 

Porosity. 

Specific  graTity. 

Pineness  of  grain . 

STRUCTURE. 

The  structure  of  a  deposit  of  clay  is  of  importance  since  on  it 
depends  the  means  employed  in  removing  the  clay  from  the  bank 
and  in  preparing  it  for  the  mtolding  process.  Clay  structures  are 
slaty,  shaly,  jointed,  laminated  or  concretionary  when  viewed  en 
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masse  in  the  pit.  Tliese  characteristics  are  all  more  or  less  indic- 
ative of  the  changes  which  the  clays  have  undergone  since  depo- 
sition. They  are  the  result  of  the  action  of  the  natural  forces 
upon  argillaceous  beds  which,  it  may  be  assumed,  were  largely 
structureless,  loosely  aggregated  and  possessed  plasticity  when 
first  deposited.  It  is  the  function  of  the  processes  of  grinding 
and  tempering  the  clay  for  •manufacture  to  break  down  what 
ever  structure  may  have  been  induced  through  the  action  of  these 
natural  agents  and  to  return  it  to^  the  original  plastic  state. 
Some  clays  are  more  easily  disint^rated  than  others,  and  it  is 
the  degree  to  which  the  hardening  process  has  gone  on  and  the 
extent  to  which  structure  is  developed  in  a  day  that  determines 
the  sort  of  preparation  required.  It  is  always  imperative  that 
the  body  of  clay  wares  be  as  nearly  structureless  as  possible,  so 
it  is  tlie  aim)  in  reducing  clay  to  the  moldable  condition  to  elimi- 
nate all  possible  traces  of  the  natural  structure  of  the  clay  bank. 
The  structure  of  burned  clay  that  is  of  importance  depends  on 
the  operation  of  the  molding  machinery  by  which  undesirable 
laminations  are  oftentimes  brought  about.  Auger  and  laminated 
structure  in  bricks  made  by  the  stiff  mud  process  are  included 
in  this  class  and  will  be  discussed  later  under  the  consideration 
of  the  auger  machine. 

COLOR. 

The  colors  which  clays  assume  are  almost  infinitely  variable. 
Pure  hydrous  silicate  of  alumina  is  white,  but  when  contami- 
nated with  iron  may  take  on  a  cream*,  yellowish,  red  or  brown 
f?hade.  Common  clays  are  colored  brown,  red,  blacky  blue,  gray, 
bull',  and  all  tints  between.  The  common  coloring  matters  exist- 
ing in  clays  are:  iron  corapoundls,  carbonaceous  matter  and  occa- 
sionally manganese  oxid.  The  iron  minerals  are  usually  respon- 
sible for  the  reds,  buffs  and  brown  colors  in  clays.  Moreover, 
the  blue,  black  and   gray  shades  are   frequently  due  to  iron  car- 
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bonate  (FeCO^)  in  the  fine,  disseminated  condition.  Most  of 
the  blue,  black  and  purplish  tints,  however,  may  be  attributed  to 
the  presence  of  organic  matter.  Beds  are  also  sometimes  due 
to  a  finely  divided  v^etable  residue. 

Until  the  cause  of  the  coloration  is  known,  it  is  impossible  to 
predict  what  color  a  clay  will  bum  from  its  color  in  the  un- 
bumed  state.  The  color  of  the  raw  clay  is  especially  misleading 
if  it  is  due  to  carbonaceous  or  organic  material.  The  latter  is 
all  combustible  and  when  the  clay  is  burned  disappears.  It  will 
leave  the  clay  with  any  color  which  its  mtineral  constituents  give 
it.  Carbonaceous  matter  may,  therefore,  mask  the  presence  of 
a  percentage  of  iron  which^  after  the  clay  is  burned,  is  sufficient 
to  give  it  a  red  color*;  or  the  raw  clay  may  possessi  a  decided 
black  or  purple  color  which  on  burning  may  become  white  or 
buff. 

The  colors  of  burned  clay  are  much  the  same  as  the  unbumed 
except  the  variety  is  diminished.  The  shades  are  also  more  bril- 
liant and  clearer  than  in  the  raw  clay.  Whites,  reds,  yellows^ 
buffs  and  pinks  are  eomimon.  In  hard  burnt,  vitrified  ware  such 
as  paving  brick  and  sewer  pipe,  brown,  green  and  sometimes 
black  are  shown.  These  result  from/  the  formation  of  the  silicate 
of  iron  due  to  the  high  temperature  in  burning.  The  iron  is  first 
reduced  to  the  ferrous  or  protoxid  condition  in  which  it  is  very 
active  at  elevated  temperatures  and  comibines  with  silica  as  the 
black  or  green  silicate  of  iron.  The  reds,  buffs  and  pinks  are 
caused  by  iron  oxid  in  different  proportions  and  in  different 
states  of  division  and  distribution.  The  same  percentage  of  iron 
may  in  one  clay  give  a  red  color,  while  in  another  only  a  buff  or 
yellow.  The  yellows  of  calcareous  clays  often  result  from  the 
masking  effect  of  calcium  carbonate  on  the  oxid  of  iron.  An 
excess  of  alumina  in  the  presence  of  iron  oxid  also  has  a  similar 
effect  But  the  fine  buffs  are  a  distinct  type  and  appear  to 
result  from  a  peculiar  distribution  of  the  particles  of  iron  oxid 


72  TECHNOLOGY   OF   0LAY8. 

I 

in  the  clay,  probably  in  a  very  finely  divided  condition  and  i>er- 
fectly  disseminated  throughout  the  body  of  the  clay,  or  possibly 
in  chemical  combination  with  the  elements  of  the  clay  itself.  It 
is  such  that  it  is  impossible  by  mechanical  mixture  to  produce 
the  same  shade  to  be  had  in  the  natural  clay. 

FEEL. 

The  feel  test  is  one  of  the  first  to  which  the  prospector  resorts 
in  ascertaining  the  texture  and  plasticity  of  a  clay.  The  feel 
of  the  powdered,  dry  clay  between  the  fingers  tells  something  of 
its  texture  and  grain.  Between  the  teeth,  degrees  of  grittiness 
may  be  detected.  This  is,  indeed,  quite  a  reliable  way  of  dis- 
tinguishing arenaceous  and  fine-grained  clays.  Wet  with  water, 
clays  become  soft  and  if  plastic  will  ha.ve  a  soapy  or  greasy  feel 
when  rubbed  with  the  fingers.  Sandy  and  coarse-textured  chiys 
do  not  exhibit  this  unctuous  or  oily  nature  to  the  touch  and  are 
less  cohesive  and  less  capable  of  being  molded.  A  very  unctuous 
day  is  said  to  be  '*fat"  while  a  samdy,  non^C!ohesive  clay  is 
spoken  of  asi  **short"  or  **lean." 

SLAKING. 

A  substance  slakes  when  by  the  addition  of  water  it  is  broken 
into  flakes  or  small  particles  and  slowly  crumbles  down.  The 
most  common  example  of  slaking  is  the  action  of  commjon  quick 
lime  when  it  comes  in  contact  with  water.  There  is  a  slight  swell- 
ing of  the  mass  and  it  is  slowly  reduced  to  a  pulverulent  con- 
dition. 

•This  same  disintegration  takes  place  in  air  dried  days  when 
they  are  immersed  iu'water.  The  rapidity  and  completeness  of 
the  breaking  down  vary  with  different  clays.  Indurated  shales 
slake  slowly,  some  requiring  grinding  before  the  water  produces 
any  appreciable  effect  upon  them.  Some  shales  which  appear 
quite  hard  and  stony  will  slake  to  a  very  plastic  mass  in  a  few 
moments.     Others,  in  appearance  more  porous,  crumjble  with 
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difl5culty.  Loess  and  alluvial  clays  slake  very  readily.  They 
reduce  practically  to  a  loose  aggregate  of  constituent  mineral 
grains  by  the  action  of  still  water,  while  shales  are  left  in  a  more 
or  less  lumpy  condition,  or  in  scales  or  flakes.  In  order  to  sep- 
arate the  latter  into  its  constituent  particles,  they  must  be  pul- 
verized and  thoroughly  agitated  in  water. 

To  determine  the  slaking  properties  of  the  different  types  of 
clays,  samples  of  the  natural  days  were  broken  into  pieoee,  the 
largest  having  a  diameter  of  one  inch.  These  were  immersed 
in  water  and  the  time  noted  which  elapsed  before  they  were  com- 
pletely slaked.  The  interval  required  for  its  aocomplishmsent 
ranged  from  five  minutes  to  several  weeks  and  a  few  of  the  most . 
stony  shales  showed  little  alteration  even  then.  Those  which 
did  not  slake  where  prevailingly  poorly  plastic  and  developed 
very  low  tensile  strength  after  pulverization  and  mixing  with 
water.  The  shale  clays  wliich  slaked  most  rapidly  and  com- 
pletely were  as  a  rule  the  finest  grained  and  strongest,  although 
this  can  only  be  said  of  this  one  olase.  Of  the  loess  and  alluvial 
clays,  the  leaner,  sandier  varieties  seemed  to  slake  better  than 
those  of  finer  grain. 

The  importance  of  this  property  is  obvious.  A  clay  which 
takes  water  eagerly  and  rapidly  crumbles  down  will  work  up 
into  the  plastic,  mfoldable  condition  with  greater  readiness  than 
one  that  requires  pulverizing  before  water  has  any  appreciable 
influence  upon  it.  It  is  important  also  in  the  weathering  of 
clays.  Where  days  or  shales  are  exposed  to  the  atmosphere  for 
considerable  periods  of  time,  they  gradually  break  down  or 
weather.  The  influence  of  water  in  the  weathering  of  clays  is 
greater  than  in  the  weathering  of  most  rocks.  On  ordinary 
hard  rocks,  water  exerts  a  mjechanical  disintegrating  influence 
in  the  process  of  freezing  and  thawing.  It  exerts  a  chemical 
influence  in  the  processes  of  hydration  and  solution.  Clays  are 
alike  subject  to  the  effects  of  these  processes  but  also  susceptible 
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to  the  slaking  power  of  water.  SlaMng  takes  place  only  when 
more  water  is  present  than  the  clay  can  slowly  absorb,  aaid  fur- 
ther, only  when  this  water  is  suddenly  given  the  clay  when  it  is 
perfectly  dry.  Moist  or  wet  clay,  although  it  will  gradually 
oruniible  down  if  surrounded  by  water,  does  not  ^*  slake"  as  does 
the  dry  clay  which  also  reduces  to  a  powder  in  a  much  shorter 
tim;e.  A  certain  amount  of  water  in  a  mass  of  clay  may,  there- 
fore, tend  to  preserve  its  shape,  while  if  an  equal  amount  more 
be  added  the  clay  will  disintegrate.  It  is  the  sudden  access  of 
water  to  masses  of  dry  clay  during  rains  that  produces  the  most 
perceptible  results.  Where  clays  are  hard  and  difficult  to  work, 
'they  can  often  be  improved  by  breaking  down  a  supply  in  ad- 
vance of  use  and  spreading  it  out  where  it  will  be  exposed  to 
rains  or  where  it  can  be  wet  down  intermittently  from  the 
hydrant. 

STRENGTH. 

The  cohesion  of  clays  mlay  be  tested  from  two  standpoints, 
that  of  tension  and  of  compression  or  resistance  to  crushing. 
Dry  clays  exhibit  in  these  respects  much  higher  strengths  than 
do  dry  masses  of  other  substances  which  have  been  similarly 
powdered,  wet  and  molded.  Likewise,  in  the  wet  condition, 
clays  possess  a  strength  and  tenacity  to  an  extent  not  observed 
among  other  minerals.  On  first  consideration,  it  may  be  sug- 
gested that  the  tenacity  of  dry  clay  may  come  from  some  chemi- 
cal reaction  accompanying  drying,  similar  to  the  setting  process 
in  mlortars.  Since  it  is  known  that  this  tenacity  is  not  destroyed 
by  repulverization,  wetting  and  drying,  it  is  plain  that  the 
strength  of  clays  must  be  done  not  to  a  chemical  change  in  drying 
but  entirely  to  the  physical  cohesion  of  the  mineral  particles  of 
which  the  clay  is  composed.  It  may  possibly  be  due  to  an  inter- 
locking of  their  grains  or  to  some  special  shape  which  gives 
them  large  areas  of  contact  with  each  other.     This  would  also 
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account  for  their  unusual  strength  while  in  the  plastic  condition. 

It  is  found  in  general  that  the  fine-grained  and  plastic  clays 
make  the  strongest  dry  product  For  this  reason  the  strength 
of  clays  is  used  to  express  relative  plasticity  as  will  be  discussed 
under  that  heading. 

A  knowledge  of  the  strength  of  clays  in  both  the  plastic  and 
the  dry  condition  is  essential,  ^  it  has  a  practical  bearing  on 
all  the  problems  of  molding,  handling  and  drying  the  ware.  The 
tougher  a  day  is  when  tempered  to  the  desired  emoUesoence  for 
molding,  the  naore  perfect  and  strong  will  be  the  ware,  the  less 
danger  is  there  in  handling,  and  from  cracking  in  drying.  In 
the  pottery  industries,  especially,  the  clay  must  be  of  such  qual- 
ity that  it  will  mold  perfectly  into  thin  pieces  of  ware  and  at 
the  sarnie  time  be  sufficiently  firm  when  dry  to  stand  the  weight 
of  perhaps  roany  supierincumbent  pieces  wihen  stacked  in  the 
kiln.  It  is  this  property  of  great  strength  when  dry,  combined 
with  plasticity,  or  molding  power,  which  makes  clay  one  of  the 
miost  useful  of  materials. 

In  the  table  at  the  end  of  this  chapter  are  given  the  results  of 
the  tensile  strength  tests  made  in  the  preparation  of  this  report. 
No  systematic  crushing  tests  of  raw  clays  have  thus  far  been  car- 
ried on.  The  results  of  the  tests  of  finisihed  products  will  be 
given  in  the  chapter  on  Tests  of  Clay  Products. 

In  preparing  the  raiwi  clays  as  they  came  in  from  the  different 
pts  over  the  state,  for  m^^king  the  several  physical  tests,  it  was 
necessary  to  adopt  at  the  beginning  a  certain  standard  method  of 
preparation  which  would  be  invariably  followed.  It  is  plain 
that  this  must  be  jdone  in  order  that  results  could  be  in  any 
degree  satisfactory  and  compai"able.  The  following  is  a  detailed 
statement  of  the  scheme  followed  throughout  the  process  of 
making  the  tensile  tests  and,  up  to  the  mixing  of  the  clay  with 
water,  exactly  as  practiced  in  preparing  for  all  the  other  tests. 
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After  air  drying,  the  clays  were  ground  to  pass  a  40-m/eeli 
sieve.  The  ooarsest  grain  passiiig  tliis  sieve  measures  five-tenths 
of  a  millimeter  in  diameter.  The  pulverizing  was  done  in  a  Weo- 
therhead  mortar.  This  is  a  recent  form  of  mortar  and  as  a  hand 
grinding  machine  for  small  batches  of  any  kind  of  hard  material 
it  has  given  good  service.  It  consists  of  a  rotating,  steel-faced 
pestle  within  a  heavy  iron  shell.  The  pestle  weighs  about  sixty 
pounds  and  has  a  diamleter  of  nine  inches.  It  has  a  corrugated, 
conical  opening  in  the  center  into  which  the  material  to  be 
ground  is  intiX)duced.  This  opening  fits  down  over  a  corrugated 
crushing  post  which  projects  from  the  bottom  of  the  metal  shell. 
Rotation  of  the  pestle  by  means  of  two  handles  on  opposite  sides 
crushes  the  clay,  which  then  passes  between  the  pestle  and  the 
bottom  of  the  casing  and  by  centrifugal  force  is  carried  to  the 
outer  rim  of  the  pestle.  Here  is  a  row  of  steel  lugs  which  carries 
the  pulverized  material  round  to  the  spout  where  it  is  dis- 
charged. In  order  to  work  perfectly  in  this,  as  in  any  other 
mortar,  clays  must  be  thoroughly  dry  or  they  will  pack  and  clog. 

When  a  sufficient  quantity  for  the  test  had  been  pulverized, 
it  was  placed  in  an  air  bath  in  as  shallow  dishes  as  convenient 
and  dried  at  110°  C.  for  three-quarters  of  an  hour.  This  iDrecau- 
tion  was  taken  to  avoid  all  possible  irregularity  that  might  arise 
fit)m,  the  presence  of  hygroscopic  moisture.  Clays,  at  ordinary 
temperatures  and  average  humidily,  contain  1  to  4  per  cent 
of  water  which  can  only  be  expelled  by  drying  at  temperatures 
above  boiling  and  which  will  be  again  absorbed  if  the  clay  is  let 
stand  in  contact  with  the  outside  atmosphere.  As  soon  as  cool 
enough  to  be  handled,  the  clay  was  weighed  out  in  batches  each 
to  make  four  brickettes.  With  an  average  percentage  of  water,  it 
was  found  that  the  four  required  sixteen  ounces  of  clay.  The  re- 
quired amount  of  water  was  weighed  in  a  small  porcelain  mor- 
tar and  the  dry  clay  added  directly  to  this. 
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In  begimidng  the  work,  it  wae  thought  desirable  to  make  a 
series  of  imxtures  with  each  clay  with  varying  percentages  of 
water.  This  was  carried  out  by  making  sets  of  four  brickettes 
each  with  contents  of  water  diifering  by  2.5  per  cent  from  least 
to  greatest  workable  plasticity.  For  instance,  it  was  sometimes 
found  that  a  clay  could  be  made  up  with  25,  27.5  and  30  per  cent 
of  water,  or  20,  22.5,  25,  27.5  and  so  on.  In  all  cases,  of  course, 
with  the  lowest  percentage  of  water  the  clay  was  too  stiif  to 
work  well,  while  with  the  largest  amount  it  was  often  quite  sticky. 
Tlie  average  amount  of  water  for  the  best  plasticity  was  25  to 
27.5  per  cent  based  on  the  weight  of  the  dry  clay  as  100.  So  in 
weighing  out  clay  and  water  it  was  usually  found  expedient  to 
first  strike  a  medium,  say  25  per  cent,  and  then  vary  each  way 
from  this. 

The  clay  and  water  were  then  thoroughly  worked  together 
with  the  pestle  in  the  mortar  and  finally  kneaded  with  the  hands 
until  of  an  equal  consistency  throughout.  The  clays  were 
molded  in  standard  sized,  brass  cement  molds.  Some  experi- 
menting was  necessary  to  ascertain  the  best  method  of  filling  the 
molds.  Wheeler*  advocates  filling  by  pressing  in  with  the 
fingers  separate  small  pieces  of  the  wet  clay.  He  advised  this 
method  to  avoid  including  air  bubbles  and  to  prevent  lamina- 
tions in  the  brickette.  It  was  the  experience  of  the  writer  that 
it  was  impossible  to  fill  the  molds  in  this  way  without,  in  the 
majority  of  cases,  entrapping  small  blebs  of  air  or  leaving  flaws 
in  the  brickette  by  the  incomplete  amalgamlation  of  the  small, 
separate  masses  of  clay.  By  pressing  alone,  it  is  difficult  to 
cause  the  pieces  to  unite  so  the  division  line  can  not  be  detected. 
Sample  brickettes  broken  in  search  of  these  defects  wouldl  quite 
often  part  along  the  contact  between  two  bodies  of  day,  each  of 
which  still  showed  distinctly  the  imlprints  of  the  fimgers.  Pro- 
fessor  Edw.  Ortoni,  Jr.,f  has  found  the  following,  method  to  give 

•Clay  Deposits  of  Mlssoiirl     Mlasoori  Oeol.  SnrYej,  Vol.  Xr,  p.  III. 
tTiwisacnons  American  Oeramlo  Sooletj,  VoL  II,  p.  110. 
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uniform  results  and  his  method  in  its  essentials  was  adopted  in 
the  present  experiments. 

^*  After  the  clay  had  been  wedged  and  had  been  brought  into 
a  condition  which  seemed  to  possess  the  greatest  plasticity  of 
which  the  mlixture  was  capable,  it  was  worked  out  into  a  cylin- 
drical roll  about  three  inches  in  diameter  and  about  eight  inches 
in  length ;  this  was  now  out  up  into  seven  sections,  using  for  this 
purpose  a  bit  of  fine  wire  or  a  stout  linen  thread.  The  freshly 
cut  curfaoe  was  examined  for  interior  diefe<^,  flawsi,  or  lamina- 
tions, and  if  any  were  found  the  mass  was  wedgedl  further  and 
tested  again  in  the  same  manner,  until  it  was  found  to  be  free 
from  any  evidence  of  defective  structure." 

^*When  this  condition  was  attained,  one  of  the  circular  pals, 
which  was  about  three  inches  in  diameter,  and  about  one  and'  one- 
eighth  inches  in  thickness,  was  put  into  an  opened  cement  mold. 
The  mold  was  adjusted  so  that  a  portion  of  the  clay  stuck  out 
from  it  equally  on  either  eidte.  The  mold  was  now  damped 
together,  the  narrowest  portion  indenting  itself  slightly  into  the 
clay;  the  mold  was  then  filled  by  carefully  pounding  the  day 
into  the  mlold  with  light  blows  delivered  by  the  bare  hand.  One 
side  was  pounded  for  a  short  time,  and  then  the  other,  so  that 
the  excess  clay  was  gradually  worked  into  shape  and  filled  both 
ends  of  the  mold.  The  surface  was  then  stroked  off  level  with 
the  lop  of  the  mold,  and  the  brickette  was  removed  from  it  by 
the  use  of  a  plaster  of  Paris  block  which  fitted  the  interior  of 
the  mold  neatly." 

The  clay  was  kneaded  and  wedged  until  plastic  and  until  a 
cross  section  of  it  showed  the  absence  of  air  spaces  or  lamina- 
tions. Each  of  the  molds  was  then  filled  by  taking  a  piece  of  the 
kneaded  clay  more  than  large  enough  to  fill  a  mold  and  forming 
it  so  its  smallest  thickness  was  about  the  minimum  width  of  the  * 

mold,  one  inch.    This  was  placed  against  one  side  and  the  other 
half  of  the  mold  was  clamped  against  it,  somewTiat  indenting 
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the  clay  at  the  center.  The  wider  portions  of  the  mold  were 
filled  by  oairefully  pressing"  the  clay  into  each  side  with  tlie 
fingers.  By  means  of  a  wooden  block  which  was  made  to  fit  the 
mold  exactly,  the  clay  was  firmly  settled  into  the  mold  by  a 
couple  of  blows  with  the  hand.  The  surface  of  the  brickette  was 
then  leveled  oif  with  a  small  pointing  trowel.  This  method  of 
filling  the  mlolds  makes  a  much  more  homogeneous  brickette  and 
the  liability  of  including  air  or  producing  laminations  in  the 
constricted  portion  of  the  brickette  where,  of  all  parts,  it  is  most 
desirable  to  have  the  clay  structureless,  is  reduced  to  a  minimum. 
Each  brick'ette  was  stamped  with  its  serial  number  and  the  per- 
centage of  water. 

By  means  of  a  sponge,  the  molds  were  coated  with  a  thin  film 
of  oil  and  were  filled  on  a  heavy  glass  plate  also  covered  with 
oil.  The  primjary  function  of  the  oil  was  to  prevent  sticking  and 
to  facilitate  removal  from  the  mold.  The  oil  sei'ved  a  double 
purpose,  however,  by  also  preventing  too  rapid  drying  of  the 
brickettes.  The  brickettes  were  removed  from-  the  mold  as  soon 
as  stiif  enough  to  retain  their  shape,  which  they  would  not  do 
at  once  in  instances  where  high  percentages  of  water  were  used. 
They  were  .taken  out  when  suflSdently  stiff  and  placed  on  a  plaster 
of  Paris  bench  to  dry.  Drying  required  fromi  one  to  four  or  five 
days.  If  allowed!  to  remain  long  placed  flat  down  on  the  bench 
while  drying,  more  or  less  of  distortion  resulted,  especially  with 
those  clays  having  a  high  shrinkage.  This  was  obviated  entirely 
by  turning  the  brickettes  up  on  edge  after  a  few  hours,  so  that 
drying  could  take  place  equally  from  all  directions. 

Two  sets  of  brickettes  of  each  clay  were  made,  one  the  exacf 
duplicate  of  the  other.  One  set  was  tested  dry  and  tlie  other 
burned  and  tested. 
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I.    Ftlrbtkiiks  maclilDe  naod  In  mruarlug  the  tensile  itrangth  of  cLija. 


The  testing  was  done  with  a  Fairbanks  cement  machine.  Pre- 
vious to  breaking,  tlie  minimum  oross  section  of  each  brickette 
was  measured.  This  was  necessary  because  of  the  shrinkage  of 
the  clay  in  drying.  The  bricketfes  were  then  placed  in  the  air 
bath  and  heated  at  110°  C,  for  one  hour,  to  remove  hygroscopic 
moisture.  The  presence  of  a  small  percentage  of  moisture  in  the 
clay  will  appreciably  modify  the  results. 
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In  the  manipulation  of  the  testing  machine,  considerable  diffi- 
culty was  encountered  in  securing  perfect  breaks  in  the  smallest 
cross  section  of  the  brickette.  Owing  to  the  shrinkage  of  the 
clay  in  drying,  the  brickettes  did  not  fit  perfectly  into  the  grips 
of  T:he  machine.  Care  was  taken  to  get  as  straight  a  pull  as  pos- 
sible in  the  axis  of  the  brickette,  but  even  after  all  precaution 
was  taken  the  clay  would  more  often  part  between  the  ends  of 
the  gripe  than  in  the  middle.  Comparison  showed!  that  brick- 
ettes breaking  in  this  way  had  as  high  tensile  strength  as  those 
which  broke  at  the  smallest  diameter.  No  discrimination  was 
therefore  made  in  averaging  up  the  reeoilts.  Lining  the  giips 
with  blotter  paper  was  tried,  but  no  advantage  was  gained  by 
this  expedient.  The  same  difficulty  was  mtet  to  some  extent  in 
breaking  the  burned  brickettes,  but  as  in  the  dry  clay  tests  no 
discrimination  was  made  in  results  on  that  account. 

The  second  set  of  brickettes  was  burned  in  a  Hoskins  Muffle 
furnace  (See  Fusibility)  to  800 ""  C,  and  held  at  that  heat  from 
one  to  one  and  one-half  hours.  Being  a  muffle,  there  is,  because 
of  its  construction,  little  opportunity  for  draft,  but  throughout 
each  bum  eifort  was  made  to  produce  a  slight  flow  of  air  through 
the  clay.  At  800  degrees  the  processes  of  dehydration  and  oxi- 
dation should  be  complete  and  the  object  of  producing  a  slight 
air  circulation  through  the  muffle  was  to  favor  these  chemical 
reactions. 

The  design  in  burning  a  series  of  brickettes  was  to  ascertain 
the  relation  between  tiie  strength  of  clays  in  the  raw  state  and  in 
the  burned  condition.  In  other  words,  to  determine  whether  the 
strongest  clays  unburned  would  maintain  their  prestige  after 
burning.  It  was  first  thought  to  bum  to  vitrification.  This, 
however,  was  soon  discovered  to  be  impossible.  Some  of  the 
clays  would  not  vitrify.  Among  vitrifying  clays,  tiie  temper- 
atures required  are  so  different,  and  so  dissimilar  do  they  act, 

that  it  was  believed  no  results  of  any  value  would  be  obtained, 
e 


82  TBOHNOLOGY   OF   CLAYS. 

By  burning  all  of  the  clays  to  a  good  red  heat,  subjecting  them  to 
conditions  exactly  alike,  we  know  that  only  certain  reactions 
have  taken  place,  hydration  and  oxidation,  and  these  have  oc- 
curred in  each  and  every  clay  whether  refractory  or  fusible. 
Eesults  obtained  under  these  conditions  are  comparable  and  may 
prove  of  interest  in  connection  with  the  data  obtained  from  the 
dry  clay  tests. 

The  buDmt  brickettes  were  accurately  measured  and  broken  in 
the  Fairbankls  machine,  and  the  strengths  per  square  inch  cal- 
culated as  given  in  the  table. 
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Iowa  Brick  Co.,  Des 
Moines,  Iowa,  third 
from  top. 
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587 

461 
682 
478 


154 
259 
178 
806 

•96 
149 

410 
609 
884 


90 
208 
269 

567 
487 

4b7 
812 
161 

881 
748 

1062 
871 

1042 

560 

626 
600 

804 
582 
588 


247 
176 
826 
299 

161 
121 

406 
666 

600 


644 
494 
464 
684 

721 
774 
668 
791 

849 
881 
178 

865 
456 
686 

190 
268 
183 
210 
216 

283 
197 
170 


666 
618 
518 
560 

674 
668 
660 
589 

106 
198 
240 

874 
867 
820 
827 
184 

718 
667 
1001 
811 
876 

642 
688 

491 

426 
577 
4S7 


204 
222 
821 
264 

164 
161 

425 

582 
608 
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CLAY. 


PRODUGTB 

MANUTAO- 

TUBSD. 


9 


«1| 


TSRBILI  BTRBVOTH  19  POUNDS  PBB  BQUABK  IHCH. 


DBT  GLAT. 


BUBKBD  OLAT. 


Qranite  Briok  Co. ,  Bur-; 
llDgton,  Iowa,  top 
Btratom. 

Granite  Briok  Co. .  Bur- 
lington,  Iowa,  lower 
strata  m. 

Clermont  Brick  and  Tile 
Co.,  Clermont,  Iowa. 


American  Brick  and  Tile 
Co. ,  Mason  City,  luwa, 
Deronlan  shale. 

Jester  Clay  Bank,  near 
DwiTlUe,  Iowa. 

Harris  Briisk  Yard ,  Bock- 
ford,  Iowa,  Devonian 
shale. 

Dale  Brick  Co..  Des 
Moines,  Iowa,  top 
loess. 

Dale  Briok  Co.,  D*s 
Moines,  Iowa,  bottom 
shale. 

Corer  Pressed  Brick  Co., 
Lenigh,  Iowa,  red 
burning  clay. 


Corey  Pressed  Brick  Co. 
Lenigh,     Iowa,     bnlf 
burning  day. 


Near  Colesburg,  Iowa, 
potting  clay. 


Storm  Lake  Brick  and 
Tile  Co,  Storm  Lake, 
Iowa,  Wisconsin  drift 

Besley  Brick  Yard, 
Council  Bluffs,  Iowa, 
top  loess. 

Besley  Brick  Yard, 
Council  Bluffs,  Iowa, 
middle  loess. 

Besley  Brick  Yard, 
Council  Bluffs,  Iowa, 
bottom  loess. 

Gethmann  Bros.,  Glad- 
brook,  Iowa,  inland 
loesp. 


PayiBff  and 
builaing 
brick. 

Parinff  and 
builaing 
brick. 

Common 
brick. 


Common 
briok  and 
drain  tile. 

Unused. 


Com  mon 
brick. 


Common 
and  press- 
ed brick. 

Com  mon 
and  press' 
ed  brick. 

Dry>press 
briek. 


Dry-presi 
brick. 


Common 
briok  and 
drain  tile. 

Common 
brick. 


Dry-press 
brick. 


22.5 
26.0 
27.5 

46 
00 
88 

42 
66 

40 

48 
66 

60 

66 
00 
68 

22.6 
26.0 
27.6 

01 
76 
76 

84 
64 
68 

88 
80 
76 

86 
71 
88 

mo 

22.6 

81 
81 

84 
77 

81 
106 

08 
88 

8ao 

82.6 
86.0 

100 
188 
168 

286 
168 
164 

108 
166 
100 

216 

146 
174 

20.0 
22.6 

117 

110 

01 
122 

100 
117 

122 
188 

22.6 

25.0 
27.6 

176 
168 
186 

164 
161 
188 

148 
171 
187 

176 
188 
148 

22.6 
26.0 

270 
281 

218 
280 

240 
101 

240 

261 

22.6 
26.0 
27.5 

82 
00 

ee 

74 
00 
78 

78 
81 
78 

74 

102 

74 

26.0 
27.6 
80.0 
82.6 

lis 

148 
140 
148 

80 
118 
147 
181 

07 
124 
124 
112 

04 
116 
144 
148 

26.0 
27.6 
80.0 
82.6 
86.0 

78 
161 
142 
140 
188 

88 
187 
117 
118 
168 

110 
106 
126 
IM 
180 

117 
114 
180 
140 
114 

87.5 
80.0 
82.6 

04 
06 
01 

82 

00 

106 

01 

108 

•66 

76 
•68 

88 

26.0 
27.5 

8ao 

200 
240 
810 

240 
297 
296 

287 
286 

818 

266 
807 
848 

22.6 
26.0 
27.6 

108 
128 
112 

128 
186 
124 

140 
122 

120 

186 
168 
140 

22.6 
26.0 
27.6 

176 
106 
211 

207 
167 
162 

•118 
160 
172 

182 
186 
108 

22.5 
26.0 
27.6 

187 
244 

214 

211 
263 
810 

246 
279 
216 

278 
264 
106 

26.0 
27.6 
800 

242 
262 
200 

208 
828 
206 

288 
208 

828 

276 
270 
812 

47 
68 
60 

88 
78 
76 

86 


210 
168 
166 

110 
128 

182 
176 
188 

846 


76 
08 
78 

00 
126 
180 
184 

87 
146 
129 
140 
188 

86 
06 
06 

238 
282 

817 

142 
187 
129 

188 
176 
188 

229 
268 
284 

240 
288 
800 


HI 
78 
68 

•  17 
82 
74 

80 

106 

88 

62 
88 

808 
•  170 

214 

814 
884 

218 

488 
848 
868 

467 
261 
426 

807 
•180 
black 

666 

•260 
cones 

668 

766 

488 
686 

624 

•818 

006 

881 
706 
447 

612 
648 
484 

748 
"788* 

140 
128 

161 
126 

218 
187 

188 
116 

867 

181 

177 
283 

186 
148 

606 

246 

214 
287 

212 
112 

287 
167 

246 
188 

76 

186 

84 

77 
00 
04 

60 

148 

80 

*'*84' 
102 

698 
788 
718 
606 

682 

029 
649 
882 

695 
060 
678 
600 

861 
477 
668 
688 

084 
770 
868 

682 
1067 

1100 
644 

T26 
840 
007 

816 
668 
781 
814 
860 

875 
789 
618 
972 

010 

671 

nil 

880 
888 
882 

098 
862 
826 

10R6 

•474 
897 

004 
618 
602 

660 
076 
408 

182 

128 

97 

684 

649 

680 
676 

112 

08 

108 

188 
119 
180 

107 
*  97 

208 
141 
120 

182 
188 
116 

186 

97 

108 

168 
148 
114 

241 
200 
218 

282 
288 
240 

206 
262 
83J7 

211 
266 
291 

214 
188 
401 

280 
626 
178 

628 
646 
202 

600 
467 
160 

81 
88 
77 


809 

804 

616 
076 


686 

607 

168 
120 


807 
218 

227 
175 


74 
129 


679 
642 
609 
604 

944 


827 
941 

880 
776 
964 

684 
628 
497 

122 
110 
107 

168 
181 
118 

285 
206 


481 
481 
286 


•  Not  included  in  averages.    In  these  instaaces  the  briokettea  exhibited  defects  which  were 
responsible  for  the  abnormal  figures. 
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In  the  operation  of  the  Hoskins  kiln,  in  which  the  clays  were 
burned,  it  was  difficult  to  bring  about  the  same  degree  of  oxida- 
tion in  all  the  samples..  The  open-textured,  porous  clays  oxi- 
dized readily,  but  under  the  same  conditions  clays  that  were 
dense  and  fine-grained  were  only  partially  oxidized.  On  these 
facts  may  be  explained  some  of  the  irregular  results  which 
appear  in  the  table.  The  range  of  variation  in  the  strength  of 
brickettes  of  the  same  clay  and  same  percentage  of  water  after 
burning  is  much  greater  than  with  the  dry  clays.  In  the  latter, 
it  is  unusual  to  find  a  variation  of  30  per  cent  above  or  below 
the  average,  while  in  the  results  of  the  burnt  clay  tests  depart- 
ures as  high  as  50  per  cent  occur.  The  chances  of  error  due  to 
such  variation  would  be  miuch  lessened  by  using  a  larger  number 
of  brickettes  from  which  to  obtain  the  average  result.  At  least 
double  the  number  used  in  these  experiments  is  recommended. 

The  work  that  has  been  carried  on  along  this  line  demonstrates 
forcibly  the  necessity  of  exercising  extremje  cane  in  all  parts  of 
the  experiments.  The  clays  should  be  molded,  measured  and 
broken  by  the  same  person  and  the  complete  process  standard- 
ized in  every  particular  in  order  to  obtain  the  most  uniform  and 
useful  results. 

BONDING  POWER. 

The  bonding  power  of  clays  is  defined  as  the  ability  to  stand 
the  addition  of  non-plastic  matter.  The  clays  standing  the  addi- 
tion of  the  largest  amount  of  sand  or  other  inert  substance  and 
whose  strength  is  least  impaired  by  such  addition  is  said  to  pos- 
sess the  greatest  bonding  power.  This  property  would,  there- 
fore, be  tested  by  determining  the  relative  strengths  of  diiferent 
clays  wheta.  mixed  with  varying  proportions  of  sand.  Bonding 
power  is  thought  to  bear  a  definite  relation  to  the  plasticity  of 
day;  those  clays  which  are  highly  plastic  usually  allowing  the 
greatest  dilution  with  the  least  dimtinution  in  strength. 
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A  knowledge  of  the  bonding  power  of  clays  is^of  practical 
importance  as  a  guide  to  correct  mixtures  wherever,  in  the  pro- 
cess of  clay  manufacture,  it  is  necessary  to  use  two  or  more  clays 
together  or  to  mix  inert  material  with  a  plastic  clay.  Sand  is 
often  used  to  decrease  Ihe  shrinkage  and  to  render  the  clay  body 
more  open  in  texture.  In  the  manufacture  of  many  of  the  higher 
grades  of  pottery  wares  and  refractory  materials,  non-plastic 
kaolins  and  flint  clays  are  mixed  with  plastic  days  alike  to 
decrease  shrinkage  and  to  influence  porosity;  also  to  give  firm 
body,  refractory  or  other  physical  properties,  to  the  ware  in 
question.  Since  the  plastic  clay  acts  as  the  bonding  agent,  in 
all  such  instances,  it  is  essential  to  know  how  much  of  the  non- 
plastic  ingredients  may  be  used  and  still  give  the  required 
strength  of  product. 

There  are  several  classes  of  non-plastic  materials  used  in 
clays.  They  may  be  separated  into  two  divisions,  viz.,  mineral 
and  combustible  compounds.  In  the  former  are  included'  quartz, 
ohamotte  or  grog,  and  lime.  Quartz  is  added  as  sand,  as  a  sandy 
clay,  in  the  finely  divided  state  in  which  it  exists  in  the  infusorial 
and  diatomaceous  earths,  or  as  ground  flint  or  sandstone. 
Chamotte  or  grog  has  reference  to  the  use  of  pulverized  burned 
clay  ware,  fire  brick  or  other  refractory  wares,  as  an  adlnixture 
in  plastic  clays.  Lime  is  used  in  this  connection  in  the  form  of 
powdered  limestone,  marl  or  slaked  lime.  These  additions  are 
for  the  purpose  of  decreasing  shrinkage  and  produce  only  phy- 
sical differences  in  the  ware  m^de.  In  the  case  of  lime  it  is  nec- 
essary to  add  a  large  proportion  as  it  becomes  an  active  flux  at 
high  temperatures. 

It  has  long  been  held  to  be  true  that  the  fine*  the  grain  of  in- 
ert, non-plastic  matter  in  clays  the  less  plasticity  is  interfered 
with  and,  similarly,  the  less  will  the  strength  of  the  clay  be 
affected.  While  generally  accepted,  no  records  of  experiments 
are  found  along  this  line  prior  to  1900.    In  this  year  Professor 
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Edw.  Orton,  Jr.,*  published  the  results  of  a  protracted  series  of 
experiments  in  the  course  of  which  he  obtained  information  con- 
firmatory of  the  generally  accepted  conditions  stated  above. 
From  his  restdts"  he  established  the  following  law:  ^*That  the 
non-plastic  ingredients  of  a  clay  influence  its  tensile  strength 
inversely  as  the  diameter  of  their  grains,  and  fine-grained  clays 
will,  other  things  being  ^ual,  possess  the  greatest  tensile 
strength. ' ' 

Under  comJbustible  compound's  may  be  listed,  coal,  sawdust, 
straw,  peat  and  otlier  organic  materials.  It  is  evident  that  these 
substances  are  detrimental  to  plasticity  and  also  that  they  will 
serve  to  decrease  shrinkage  in  a  plastic  clay.  When  the  temi- 
perature  in  burning  reaches  red  heat  and  above,  such  matter 
bums  out  and  thus  increases  the  porosity  of  the  finished  ware 
if  it  is  not  burned  to  vitrification.  The  latter  influence  along 
with  its  effect  as  a  fuel  are  the  chief  functions  which  combustible 
materials  of  any  sort  serve  in  a  clay.  The  value  of  fuel  thus 
incorporated  in  the  body  of  the  clay  is  high,  as  in  oxidation  the 
heat  is  generated  in  immediate  contact  with  the  clay  that  is  to  be 
aifected  by  the  heat  This  fuel  begins  to  bum  at  red  heat  and 
is  all  available  as  soon  as  comlbustion  commences.  Its  consump- 
tion cannot  be  accurately  controlled.  Red  heat  is  the  stage  of  the 
burning  process  in  which  combined  water  is  expelled  and  during 
which  the  temperature  must  be  raised  very  slowly.  With  any 
considerable  amount  of  combustible  matter  in  the  clay,  the  dan- 
ger of  over  heating  by  the  too  rapid  rise  of  the  temperature 
during  the  water  smoking  period  is  always  imminent 

PLASTICITY. 

Were  it  not  for  the  property  which  clays  possess  of  becoming 
plastic  when  moistened  with  water,  their  economic  importance 
would  be  almost  entirely  lost    Clay  in  the  plastic  state  can  be 

*  Trans.  Am.  Ceramic  800. ,  Vol.  II,  p.  100  and  Vol.  HI,  p.  198. 
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shaped  and  molded  by  pressure  into  any  form  without  rupture 
and  this  form  is  retained  not  only  while  moist  but  when  dried 
out.  Plasticity  is  thus  the  characteristic  of  clays,  when  wet, 
wliich  allows  of  their  being  molded  into  the  innumerable  shapes 
and  sizes  of  modem  clay  wares.  These  molded  forms  are  main- 
tained when  the  clay  is  dry  and  are  further  fixed  and  rendered 
less  destructible  by  burning;  but  we  cannot  rightfully  attribute 
these  last  facts  to  the  property  of  plasticity  which  has  to  do 
alone  with  the  moist  clay.  Water,  therefore,  being  essential  in 
order  to  develop  plasticity,  it  cannot  truly  be  said  to  be  a  prop- 
erty of  the  clay  itself. 

Tlhe  cause  of  this  valuable  property  is  not  fully  known.  Clays 
are  essentially  the  hydrous  silicate  of  alumina  and  viewed  from 
the  standpoint  of  chemical  composition  it  has  been  suggested 
that  the  water  held  in  combination  is  the  cause  of  plasticity. 
Wlien  this  water  is  driven  off  at  red  he^t  in  burning,  plasticity 
is  lost  and  cannot  be  restored.  There  are,  however,  numerous 
hydrous  minerals,  several  of  which  are  very  closely  allied  in 
composition  to  clay,  which  it  is  impossible  to  make  plastic  under 
any  conditioiis.  If  the  presence  of  water  were  the  cause,  other 
Jiydrous  alumina  silicates  should  exhibit  this  same  property. 
This  is  the  principal  fact  which  makes  the  '* water  theory''  ap- 
l)ear  imiprobable.  In  studying  the  structure  of  clays  with  the 
microscope,  it  hajs  been  noticed  there  are  sometimes  present 
hooked  or  vermicular  aggregates  of  crystal  grains  which  by 
interlocking  and  clinging  to  each  other  because  of  their  shape, 
have  been  thought  to  give  the  clay  plasticity.  These  crystals 
are  not  usually  present  in  such  abundance  as*  would  be  necessary 
if  we  were  to  account  for  plasticity  by  their  presence.  It  has 
often  been  found  that  the  days  containing  a  large  number  of 
these  peculiar  aggregates  of  grains  are  less  plastic  than  others 
in  which  they  are  conspicuously  absent.  This  theory  is  mani- 
festly untenable.    Many  instances  of  unusual  plasticity  in  very 
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impure  clays  have  been  noted.  It  is  thought  that  such  inupuri- 
ties  as  iron  and  lime  oompounds  sometimes  act  as  bonding  agents 
to  hold  together  the  small  particles  of  day  substance  which  are 
not  of  themselves  plastic,  or,  in  the  colloid  state,  they  may  act  as 
oily  lubricants.  While  it  nUay  be  true  that  they  frequently  serve 
in  the  way  of  a  cement,  they  do  not  allow  of  any  mobility  of  the 
clay  grains  without  destroying  their  binding  i)roperty.  Further- 
more, although  pure  clays,  which  consist  alone  of  kaolinitic 
grains,  are  commonly  non-plastic,  they  frequently  possess  plas- 
ticity or  may  be  made  to  exhibit  this  property,  by  pulverization 
and  weathering  and  without  any  alteration  of  their  composition. 
Thus  many  pure  fire  clays  and  ball  clays  are  very  plastic  The 
effect  of  mixing  different  sized  sands  with  plastic  clays  has  been 
shown  to  be  detrimental  to  plasticity  whether  the  latter  is  meas- 
ured by  the  tensile  strength  of  the  dry  clay  or  by  other  means 
commonly  employed  for  this  purpose.  Sandy  clays  are  prevail- 
ingly less  plastic  than  similar  clays  which  lack  the  sand.  In 
some  instances  it  may  be  shown  that  impurities  such  as  com- 
pounds of  iron  and  lime,  exert  a  cementing  influence  through 
chemical  changes  and  thus  affect  the  plasticity,  if  we  measure 
this  last  quality  by  the  strength  of  the  day,  but  we  cannot  hold 
the  impurities  present  responsible  for  the  working  properties  of 
the  clay  which  are  usually  the  best  gauge  of  its  plasticity.  Un- 
usually plastic  clays  which  are  also  very  impure  may  better  be 
considered  the  exception  than  the  rule. 

Bearing  on  this  topio  from  a  chemical  standpoint  a  recent 
writer*  attributes  plastidty  partially  to  the  influence  of  colloidal 
substances  when  the  clay  is  mixed  with  water.  Among  the  in- 
gredients in  clays  which  might  act  in  this  capacity  are  men- 
tioned hydrated  silidc  add!,  iron  and  other  mietaJlic  oxids,  alum- 
inum* hydroxid  and  forms  of  organic  matter.  These  all  possess 
partial  and  indefinite  solubility  in  water,  may  be  molded,  and 
shrink  on  drying,  and  are  considered  by  the  above  writer  to 

*  PboI  Rohland.    Zelttohrlft  far  Anorganisohe  Chemle,  Band  XXXI,  Heft  1,  p.  158. 
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exercise  always  a  greater  or  less  influence  on  plasticity.  It  is 
further  stated!  that  by  the  properties  of  these  substances  may  be 
explained  peculiarities  of  plastic  clays  which  are  not  adequately 
explained  by  any  theory  that  refers  all  to  the  mechanical  struc- 
ture. The  idea  is  an  ingenious  one  and  is  thought  should  be 
considered  of  importance  in  clays  where  any  considerable 
amount  of  colloids  exists;  but  througjiout  the  large  range  of 
common  clays,  chemical  tests  will  show  the  very  small  and  in- 
considerable proportion  of  the  ingredients  which  are  capable 
of  assuming  the  colloid  state  by  the  action  of  water  alone. 

Among  the  investigators  who  have  studied  the  STibject,  there 
are  some  who  attribute  plasticity  to  the  fineness  of  the  grain  of 
the  clay.  That  is,  the  finer  the  particles  composing  the  clay,  the 
more  pjastic  it  is.  As  a  general  rule,  this  is  foundl  to  be  true. 
The  more  plastic  clays  are  usually  the  finest  grained.  If,  how- 
ever, fineness  alone  is  the-  cause,  any  mineral  substance  should 
become  plastic  if  finely  ground.  Professor  Whitney*  in  his 
mechanical  analysis  of  soils  designates  as  clay  that  portion  com- 
posed of  grains  below  .005  mm-,  in  diameter.  In  the  study  of 
plastic  clays  it  is  found  they  are  composed  of  particles,  some  of 
which  are  larger  than  this  but  the  great  proportion  of  which 
range  from  .005  mm.  to  such  imlpalpable  fineness  that  the  strong- 
est power  of  the  microscope  fails  to  show  their  size.  Professor 
Wliitney's  classification  is  made,  however,  with  reference  to  no 
other  properties  than  size  of  grain  and  must  be,  therefore, 
largely  conventional.  Nothing  is  implied  with  regard  to  plasticity 
or  other  characteristics  which  must  be  considered  from  the  stand- 
point of  a  user  of  clay.  Mr.  Wheelerf  conducted  experiments 
with  quartz  and  limestone  ground  to  different  degrees  of  fine- 
ness. He  ascertained  that  while  the  samples  ground  to  pas®  a 
200-mesh  sieve  w)ere  appreciably  plastic  and  could  be  mold^, 
when  dry  they  were  very  weak,  ** dusting"  and  falling  to  pieces 

*  Mechanical  Analysis  of  Soils.    Bulletin  Detmrtment  of  Agiionlture. 
t  Miasonri  Geological  Sorvey.  Vol.  XI,  p.  102. 
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in  spite  of  careful  handling,  The  quartz  had  the  more  feeble 
strength  of  the  two.  The  somewhat  greater  strength  of  the  powd- 
ered limlestone  may  be  partially  accounted  for  by  the  small  propor- 
tion of  clayey  matter  which  is  invariably  present  in  all  but  the 
purest  limestones ;  also  the  more  earthy  nature  of  the  limestone 
which  would  give  a  powder  more  of  the  character  of  a  dust  or, 
mud,  when  wet,  than  the  glassy  auiartz  whose  grains  are  angular 
and  sharp  in  outline.  Professor  Orton*  also  reports  experiments 
made  by  grinding  glass  so  exceedingly  fine  that  the  particles 
would  float  in  water  for  an  indefinite  period.  When  collected, 
this  ground  glass  developed  no  plasticity  with  water  nor  pos- 
sessed much  greater  strength  than  such  a  paste  made  from  chalk 
or  flour.  The  fact  that  the  mjost  plastic  clays  are  predominantly 
the  finest  grained,  suggests  that  something  other  than  mere  size  of 
constituent  particles  is  necessary  to  fully  account  for  plasticity. 
It  has  been  shown  that  hard  materials  like  glass  and  sand  generate 
some  plasticity  when  powdered,  the  more  the  finer,  but  can  never 
be  made  eminently  plastic  by  fine  grinding.  Clays  which  pos- 
sess  a  fair  degree  of  plasticity  may  be  made  more  plastic  by 
pulverization. 

It  is  thus  plain  that  fineness  along  with  some  certain  shape  or 
character  of  grain  are  both  essential  to  plasticity.  If  this  be 
true,  any  powdered  mineral  made  up  of  grains  having  the  cor- 
rect shape  should  become  plastic  when  wet  with  water.  It  has 
been  the  effort  of  investigators  to  determine  just  what  certain 
shape  of  grains  is  conducive  to  plasticity.  Along  this  line  the 
researches  of  Johnson  and  Blakef  are  classic.  They  found  that 
most  plastic  clays  examined  by  them'  were  composed  largely  of 
small  transparent  plates,  many  of  which  Were  grouped  together  in 
bundles.  On  page  356  of  the  article  cited  above:  *'We  have  ex- 
amined microscopically  twenty  specimens  of  kaolins,  pipe  and 

•Brick.  Vol.  XIV,  No.  4,  p.  21«. 

f  American  Joamal  of  Soianoe,  (2)  p.  861,  1876. 
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fire-clay.  Most  of  these  are  of  unknown  origin.  In  them  all  is 
found  a  greater  or  less  proportion  of  transparent  plates,  and  in 
the  most  of  them  these  plates  are  abundant,  evidently  constitut- 
ing the  bulk  of  the  substance. '  *  •  *  *  *' The  plasticity  of  a  clay  is 
a  physical  character,  and  appears  to  have  close  connection  with 
the  fineness  of  the  particles.  The  kaolinite  of  Summit  Hill,  con- 
sisting chiefly  of  crj^stal-plates  averaging  .003  of  an  inch  in 
diameter,  is  destitute  of  this  quality.  The  nearly  pure  kaolinite 
from  Richmond,  Va.,  occurring  mostly  in  bundles  of  much 
smaller  dimensions,  the  largest  being  but  .001  of  an  inch  in 
diameter,  is  scarcely  plastic.  *  *  •  .The  more  finely  divided 
fire-clay  from  Long  Island,  is  more  **fat"  while  the  Bodenmais 
porcelain  earth  amd  other  clays,  in  which  the  bundles  are  absent 
and  the  plates  are  extremely  small,  are  highly  plastic.  So,  too, 
the  Summit  Hill  crystals,  when  triturated  in  an  agate  mortar, 
yield  a  powder  which,  when  breathed  upon,  acquires  tlie  argilla- 
ceous odor,  under  the  microscope  i>erfectly  resembles  the  kao- 
lins, and  in  the  wet  state  is  highly  plastic  and  sticky." 

The  plate  structure  of  plastic  clays  was  thus  early  recognized 
and  plasticity  attributed  to  it  by  these  investigators.  It  was  fur- 
ther seen  that  while  the  minute  plates  were  the  real  cause,  the 
finer  they  existed  or  were  broken  up  by  powdering,  the  greater 
the  plasticity  of  the  clay.  Other  investigators  have  corroborated 
these  observations. 

In  1878  Biedermann  and  Hedzfeld*  recognized  the  plate  struc- 
ture of  plastic  clays.  Biedermann  regarded  the  plasticity  of 
clays  as  due  to  the  stren^h  of  cohesion  and  adhesion  and  brought 
it  under  Newton's  law  for  the  attraction  of  bodies.  While  it  is 
probable  that  Newton 's  law  unmodified  would  scarcely  be  applica- 
ble in  this  case,  the  fact  that  these  early  scientists)  recognized 
not  only  the  characteristic  structure,  but  likewise  the  bearing  of 
this  structure  on  the  working  properties  of  clays,  is  of  especial 
interest,  since  it  is  the  basis  on  which  many  of  the  peculiarities 
of  clay  are  explained. 

*  Dr.  Omrl  Blaohof,  Die  Feaerfesten  Those,    p.  88. 
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Hawt>rtli*  in  his  examination  of  Missouri  clays  found  the  most 
plastic  clays  to  be  composed  of  minu'te  scales  and  in  general  the 
abundance  of  these  scales  was  in  proportion  to  the  plasticity  of 
the  clay.  In  fresh,  unweathered  flint  clay  the  plate-like  particles 
were  absent  and  plasticity  was  found  to  be  very  feeble.  It  was 
noted  also  that  the  more  finely  divided  the  plates  were  the  greater 
the  plasticity. 

In  "Wheeler's  report  on  the  Clays  of  Missouri:}:  are  recorded 
experiments  with  other  minerals  which  possess  a  lamellar  or 
plate  structure.  Calcite  and  gypsum  when  finely  ground  were 
found  to  become  quite  plastic  with  water  and  to  have  tensile 
strengths  as  high  as  100  and  350  pounds  per  square  inch  respec- 
tively when  dry.  It  would  seemi  that  calcite  should  afford  an 
excellent  example  for  a  test  of  this  sort  It  is  decidedly  lamellar 
because  of  its  perfect  cleavage,  always  breaking  into  small 
plates  or  rhombs  no  matter  how  finely  pulverized.  Its  strength 
would  be  entirely  due  to  the  physical  attraction  of  the  particles 
for  the  surrounding  ones  through  the  film  of  water  enveloping 
each  grain.  Gypsum,  on  the  other  hand,  is  somewhat  soluble  in 
water  and  the  strength  attained  may  be  partly  due  to  solution 
and  recrystallization  as  the  water  evaporated.  Results  obtained 
with  powdered  slate  lead  in  the  same  general  direction.  Be- 
cause of  its  tendency  to  cleave,  slate  finely  ground  would  consist 
of  a  mass  of  very  small  lamellae  or  scales.  When  ground  ex- 
ceedingly fine,  slate  could  be  molded  and  on  drying  it  possessed 
considerable  strength.  Other  lamellar  minerals  were  tried  and 
all  exhibited  a  greater  or  less  degree  of  plasticity  when  finely 
powdered. 

The  exceedingly  fine  state  of  division  in  which  the  component 
grains  in  ordinary  plastic  clays  exist  makes  it  impossible  to  de- 
termine by  the  microscope  very  much  regarding  their  properties. 

•MiflMariOeological  Surrey,  VoL  XL  p.  104.  1896. 
t  Anniud  Beport Ifa  Oeol.  Bury.,  1896,  p.  106. 
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Under  the  microscope,  with  magnifying  powers  as  high  as  four 
to  five  hundred  diameters,  hundreds  of  grains  can  easily  be  in- 
eluded  in  the  field  and  still  be  sufficiently  separated  as  to  appear 
plainly  as  individual  particles.  With  polarized  light,  those  hav- 
ing the  nature  of  plates  all  appear  transparent,  and  only  in  iron- 
stained  clays  are  opaque  particles  noticed.  Between  crossed 
Nicols,  the  field  is  entirely  dark  with  the  exception  of  some  few 
of  the  larger  particles  which  allow  the  light  to  pass  and  they  are 
outlined  as  light  angular  spots.  They  extinguish  and  grow  light 
again  as  the  stage  is  revolved.  These  may  be  fragmients  of 
quartz,  calcite,  dolomite  or  othar  doubly  refracting  minerals,  al 
though  none  of  them  could  be  recognized.  Tested  further  for 
the  absorption  of  light,  it  is  possible  to  obtain  a  slight  pleochroic 
play  of  colors  in  some  of  the  larger  particles,  but  this  is  not  so 
pronounced  that  it  may  be  used  as  a  distinguishing  character. 
While  it  is  next  to  impossible, to  make  out  much  concerning  the 
crystalline  character  of  the  minerals,  it  is  also  difficult,  because 
of  their  minute  size  in  most  secondary  clays,  to  say  anything 
regarding  their  shape.  In  examining  quite  a  series  of  samples, 
however,  it  is  noticed  as  a  rule,  that  those  clays  possessing  a  poor 
plasticity,  or  that  are  ** short,"  are  made  up  of  angular,  often 
coarse  grains,  and  frequently  bundles  of  these  same  particles 
which  cling  together  and  are  not  broken  apart  by  the  common 
processes  of  pulverizing.  This  was  observed  chiefly  among  un- 
weathered  shales.  The  plastic  clays  were  composed  of  particles 
entirely,  similar  in  appearance  to  those  observed  in  clays  which 
were  not  plastic,  except  that  they  were  less  angular,  their  comers 
were  more  rounded,  and  it  was  seldom  impossible  to  separate 
the  grains  by  agitation  in  water.  A  larger  proportion  of 
excessively  small  grains  was  also  present,  many  so  very  fine  that 
under  a  magnifying  power  of  five  to  six  hundred  diameters  they 
yet  appeared  as  mere  specks  of  dust  to  the  unaided  eye.  *^As 
to  the  flattened  or  plate-like  form  of  these  particles,  no  conclu- 
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sive  observations  were  made.  In  both  plastic  and  short  clays 
were  noted  occasional  elongated  fragments  and  these  often 
showed  parallel  cleavage  cracks,  but  it  cannot  be  said  that  they 
were  more  predominant  in  one  clay  than  in  another.  The  chiaf 
differences  noticed,  as  stated  above,  were  the  greater  angularity 
of  the  grains  andl  the  existence  of  tewer  of  the  very  small  sizes 
in  the  lean  than  in  the  plastic  clays. 

iWhether  or  not  the  flattened  grains  in  clays  which  give  to  them 
plasticity  are  certainly  particles  of  kaolinite,  it  would  seem  haz- 
ardous to  say  from  what  can  be  learned  by  studying  the  constitu- 
tion of  common  impure  clays.  Certain  it  must  be  that  there  are 
some  other  minerals  in  clays  in  an  equally  finely  divided  state 
that  cannot  be  told  from  kaolinite.  Common  among  these  is 
quartz  which  exists  in  nature  in  nearly  all  rocks  and  in  all  states 
of  division.  Study  of  the  geology  and  origin  of  clay  deposits 
along  with  specific  mineralogical  examinations  of  the  character 
of  deposits  of  kaolin,  which  are  largely  free  from  tlie  many  im- 
purities that  are  gathered  up  d'uring  removal  and  redeposition, 
has  warranted  the  inference  that  all  clays  are  composed  essen- 
tially of  fragments  of  kaolinite  mixed  with  larger  or  smialler 
amounts  of  other  mineral  substances.  Facts  along  these  lines 
are  well  established  and  a  consideration  of  them  need  not  be  en- 
tered into  here. 

Although  it  is  not  certain  plasticity  may  be  accounted  for  by 
the  thin  plate  theory,  from  the  facts  above  enumerated,  it  ap- 
pears to  approach  nearer  the  truth  than  any  other  yet  put  for- 
ward, and  since  upon  it  as  a  basis  many  of  the  peculiarities  of 
clays  may  be  explained,  it  is  safe  tx>  assume  that  tlie  plate  struc- 
ture of  clays  is  the  principal  cause  of  plasticity.  It  is  probable, 
however,  that  other  important  factors  enter.  Kaolinite  is  a  very 
slippery,  greasy  mineral  of  itself,  which  cleaves  readily,  and  the 
particles  thus  have  the  property  of  gliding  over  each  other  when 
dry  without  great  friction,  as  when  clay  powder  is  rubbed  be- 
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tween  the  fingers.  Fineness  of  grain  also  evidently  has  a  great 
influence  on  plasticity.  Importance  is  to  be  attached  to  the  range 
of  size  of  the  particles.  As  hasi  been  shown,  cemlenting  impur- 
ities may  exert  an  influence  on  plasticity.  It  is  believed  that 
ultimately  all  of  these  factors  will  be  found  of  im/portance  in 
explaining  the  plasticity  of  day. 

METHODS  OF  MEASURING  PLASTICITY. 

Accepting  tlie  thin,  plate  theorj'',  with  the  modifications  noted, 
for  the  explanation  of  the  cause  of  plasticity,  it  would  appear 
that  the  strength  of  clays  should  furnish  an  index  of  their  plas- 
ticity. Their  strength  when  wet  would  depend  upon  the  cohesion 
of  the  clay  particles,  i.  e.,  their  attraction  for  each  other,  and 
upon  adhesion  between  the  clay  grains  and  the  thin  film  of  water 
which  we  consider  to  envelop  each  and  every  grain.  When  dry, 
their  strength  would  be  due  to  the  force  of  attraction  among  the 
clay  particles  themselves  which  are  now  in  contact,  and  to  the 
overcoming  of  friction  as  the  particles  move  upon  each  other. 
Newton's  law  expresses  the  attraction  of  bodies  for  each  other 
as  *4n  proportion  to  their  masses,  and  inversely  as  the  square 
of  the  distances  between  them. ' '  When  a  clay  is  moist  and  plas- 
tic, attraction  between  particles  must  act  through  a  small  thick- 
ness of  water.  Water  being  a  liquid  substance,  is  mobile,  and 
thus  serves  as  a  lubricant  between  the  grains  of  clay  which  are 
allowed  to  move  with  reference  to  each  other  without  friction. 
Water  is  not  elastic  and  thus  has  no  tendency  to  regain  any  form 
when  it  is  distorted.  It  is  for  this  reason  that  a  mass  of  clav 
permeated  with  water  may  be  molded  by  pressure  into  any  shape 
desired  and  the  shape  given  to  it  remains  when  the  pressure  is  re- 
moved.   This  is  plasticity. 

According  to  Newton 's  law,  all  bodies  exert  an  attractive  force 
for  all  other  bodies.  Bodies  free  to  move  under  this  force  ap- 
proach each  other  until  equilibriumj  is  established.    As  the  water 
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leaves  a,  body  of  clay,  the  particles  approach  nearer  each  other 
under  an  increasing  attractive  force  until  they  are  in  actual  con- 
tact and  equilibrium  is  brought  about.  So  long  as  there  is  mo- 
bility in  the  mass  of  clay,  that  is,  while  the  grains  are  surrounded 
with  water,  the  latter  are  more  or  less  free  to  move  and  to  ar- 
range themselves  in  relation  to  each  other  in  the  most  stable  po- 
sitions. This  arrangement  is  facilitated  when  the  clay  is 
kneaded  or  worked,  which  causes  motion  among  the  particles. 
Assuming  the  particles  to  be  elongated  and  flattened  in  shape, 
there  would  always  be  the  tendency  for  them  to  arrange  them- 
selves with  their  longest  diameters  parallel,  hence,  their  broadest 
faces  and  narrowest  edges  towards  each  other.  This  is  illus- 
trated: by  the  familiar  experiment  with  a  magnet  and  a  flat  piece 
of  steel.  The  steel  will  cling  to  the  magnet  from  one  end  or  nar- 
row edge,  but  if  given  the  least  chance  will  be  drawn  round  in 
parallel  position  with  the  broadest  face  and  longest  axis  of  the 
magnet.  The  clay  particles  may  be  looked  upon  as  each  one  a 
magnet  attracting  every  particle  around  it  The  tendency  al- 
ways exists,  therefore,  to  draw  all  the  particles  in  a  clay  mass 
into  parallel  position. 

As  to  the  amount  of  surface  presented  by  the  flattened  parti- 
cles, they  may  be  compared  with  the  spherical,  which  shape  Dr. 
Aron*  considered  the  constituent  particles  of  clays  to  have.  The 
sphere  encloses  the  greatest  volmne  with  the  smallest  surface 
area.  The  more  a  body  deimrts  in  shape  from,  the  sphere  the 
larger  the  ratio  of  surface  to  volmne  becomes.  The  more  flat- 
tened the  grains,  therefore,  the  more  nearly  the  attracting  bodies 
approach  a  plane  and  when  arranged  in  parallel  position  the 
more  nearly  at  right  angles  must  the  attracting  force  act.  On 
these  facts  it  is  seen  that  the  characteristically  shaped  grains  of 
which  clays  are  considered  to  be  largely  composed  afford  the 

*Die  Kersmitchon  Thonfabrikate,  Dr.   W.   Sohomacher,   p.   10.     Notizblat  dea  Deutschen 
VereinA  far  die  Fabrication  tod  Zeigeln   1873,  e.  167. 
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best  of  conditions,  not  only  for  making  a  plastic  body  when  wet 
but  also  a  strong  one  when  dry.  The  experiment  with  two  pieces 
of  glass  between  which  a  thin  film  of  water  is  placed  is  known  to 
most  rteaders.  It  will  be  recalled  that  the  sections  of  glass  after 
being  pressed  together  with  water  between  them  can  only  be 
parted  with  the  greatest  difficulty  in  any  other  way  than  by  mov- 
ing them  upon  each  other  parallel  to  the  surfaces  of  the  glass. 
If  means  are  taken  to  part  them  at  right  angles  to  this  direction 
the  glass  is  often  broken.  It  is  this  condition  that  exists  among 
the  flattened  and  polished  grains  of  a  clay  that  i)ermits  it  to  be 
worked  and  molded  without  rupture.  The  strength  with  which 
the  clay  grains  cohere,  therefore,  when  both  wet  and  dry  should, 
according  to  the  above  reasoning,  be  significant  of  the  plasticity 
of  the  clay.  That  of  the  wet  day  ought  to  furnish  the  more  ac- 
curate idea  of  plasticity  since  we  are  dealing  with  the  clay  in  the 
plastic  state,  and  the  pull  necessary  to  rupture  it  is  the  sum  of 
the  forces  required  to  overcome  the  attraction  of  the  grains  for 
each  other  and  the  capillary  strength  of  the  water  in  the  day. 

The  methods  that  have  been  employed  to  obtain  a  measure  of 
plastidty  may  be  divided  into  those  that  deal  with  the  wet  day 
and  those  that  deal  with  the  dry  clay.  With  the  wet  day,  the 
commonest,  most  practical,  and  for  the  m)ost  purposes  sufficiently 
accurate  method,  is  that  of  the  feel  of  the  moist  clay  between 
the  fingers  and  its  power  to  be  molded  as  shown  by  mixing  some 
of  the  ground  clay  with  water  and  molding  it  in  the  hands.  This 
is  the  field  test  to  which  the  clay  prospector  resorts  and  is  an 
efficient  means  of  obtaining  information  regarding  the  worka- 
bility of  .clay  from  any  deposit.  In  order  to  have  definite  stand- 
ards of  comparison  in  testing  large  numlbers  of  clays  and  to  ob- 
tain concrete  expressions  for  plasticity,  several  means  have  been 
devised  to  measure  the  strength  of  wet  clays.  Bischof,*  a  Ger- 
man scientist,  recommended  forcing  the  plastic  clays  through 

*  Die  Fea^rf  esten  Thone.    p .  84. 
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a  horizontal  or  vertical  die  into  the  shape  of  small  pencils,  and 
taking  the  length  of  the  little  cylinders  thus  formed:  before  they 
broke  of  their  own  weight,  as  the  measure  of  plasticity.     The 
Vicat  needle  is  used  in  testing  wet  days  in  a  similar  manner  to 
its  use  in  testing  the  set  of  cement    The  operation  of  this  in- 
strument depends  upon  forcing  a  needle  into  the  plastic  clay  by 
the  application  of  a  known  weight  upon  it    Langenbeckf  states 
that  if  the  needle,  with  a  weight  of  300  grams,  penetrates  to  a 
depth  of  four  centimeters  in  five  minutes,  the  proper  consistency 
is  attained.    On  this  same  principle  is  based  the  use  of  a  balance 
from  one  arm  of  which  is  suspended  a  plumb  bob  which  is  al- 
lowed to  settle  into  the  moist  clay  for  a  given  period'.*   Weight 
is  given  to  the  bob  by  the  removal  of  weights  from  the  pan  on 
the  other  side  of  the  balance.    By  these  methods  it  is  possible  to 
determine  when  a  clay  has  reached  the  correct  consistency  for 
molding,  but  they  furnish  little  positive  information  regarding 
plasticity  unless  the  amount  of  water  required  is  taken  into  con- 
sideration.    Langenbeck  assumes  that  the  more  plastic  a  clay, 
the  more  water  is  necessary  to  make  it  ulp  to  a  moldable  consist- 
ency and  usee  the  proportion  of  water  as  a  measure  of  plasticity. 
Dr.  Ladd;}:  describes  another  device  for  determining  the  strength 
of  wet  clays.     The  apparattis  consists  of  two  small  sheet  iron 
troughs  with  perforated  bottoms  in    the    center    of  which  are 
placed  test  tube  brushes  in  such  position  that  when  the  troughs, 
which  are  mounted  on  wheels,  are  brought  end  to  end,  the  ends 
of  the  brushes  come  together.     The  dry  clay  is  sifted  into  the 
brushes  and  allowed  to  absorb  moisture  from  below  until  satur- 
ated.   The  pull  required  to  break  the  eolumn  of  clay  between  the 
brushes  is  then  measured  by  placing  weights  on  a  scale  pan  at- 
tached to  one  of  the  troughs^  till  the  troughs  part     This  test 

tOhemiatrrof  Potterr,  p.  19. 
•Olsysof  OeorgU.    Q.  E.  Ladd,  p.  61. 
]  Clays  of  Georgia.    G.  B.  Ladd,  p.  62. 
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gives  little  direct  information  about  plasticity  but  appears  to 
have  advantages  for  measuring  tiie  strength  of  clays  through 
different  stages  of  saturation.  The  tensile  strength  of  the  wet 
clay  made  up  into  brickettes  and  tested!  while  wet  and  in  its  most 
moldable  state  with  a  tension  machine,  has  been  employed  to 
some  extent  in  determining  plasticity.  This  practice  is  based 
upon  the  assumption  that  i:he  day  standing  the  strongest  pull  in 
pounds  per  square  inch  is  the  most  plastic.  In  carrying  into 
effect  such  a  test  with  the  soft  clay,  great  care  would  be  neces- 
sary in  handling  and  breaking  the  brickettes.  A  machine  sim- 
ilar to  the  Fairbanks  or  Riehle  cement  testing  machine  could  be 
used  but  it  would  have  to  be  much  lighter,  more  easily  operated 
and  susceptible  of  more  delicate  adjustment  As  these  machines 
are  commonly  constructed'  the  weight  of  the  lower  grip  is  brought 
to  bear  on  the  brickette  when  the  latter  is  placed  in  position  and 
this  weight  is  alone  sufficient  to  pull  apart  nearly  any  clay  while 
soft  unless  manipulated  with  imusual  care.  As  noted  earlier, 
however,  testing  in  this  manner,  clays  made  up  to  the  best  work- 
ing consistency  should  give  an  accurate  idea  of  their  relative 
plasticity.  By  this  mteans  is  measured  the  cohesive  strength  of 
attraction  between  particles  and'  the  binding  force  of  water  which 
are  the  agents  of  plasticity.  The  drawback  to  the  use  of  this 
method  has  been  the  lack  of  a  device  that  will  successfully  break 
and  record]  the  strength  of  the  clays. 

Two  plans  have  been  followed  in  testing  dry  clays  for  plas- 
ticity* Bischof  suggested  the  use  of  a  set  of  ** standard  clays'' 
with  which  all  clays  were  to  be  compared  by  noting  the  relative 
amounts  of  dry  clay  dust  rubbed  off  with  tiie  fingers  over  sheets 
of  paper.  They  might  also  be  compared  by  the  same  treatment 
after  mixing  with  varying  proportions  of  sand.  Tliis  method  has 
been  employed  very  little  if  any  in  this  country.  The  second  plan 
and  the  one  that  has  been  followed  by  investigators  more  than 
any  other  perhaps,  in  fliis  country,  is  to  test  the  tensile  strength 
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of  the  dried  clay.  The  method  of  procedure  in  preparing  the 
clays  for  this  test  and  in  testing  itself  has  been  considered  in 
detail  under  the  head  of.  Strength  of  Clays',  in  a  preceding  para- 
graph.   The  results  of  the  tests  are  also  given. 

It  has  been  held  by  some  that  the  more  plastic  a  clay  is  when 
wet  the  greater  will  its  tensile  strength  be  when  dry.  If  this  is 
true,  then  the  breaking  strengths  will  be  positive  indices  of  plas- 
ticity by  which  different  clays  may  be  compared.  The  general 
results  of  the  tests  made  go  to  show  that  the  strongest  days  are 
usually  the  most  plastic,  am.ong  memibers  of  the  same  class  of 
clays.  In  comparing  clays  of  different  types,  however,  the  method 
fails  completely.  Considered  from  the  standpoint  of  worka- 
bility, the  well  weathered  shales  stand  well  ahead  of  the  loess, 
alluvial  and  glacial  clays ;  yet  when  tested  in  this  way  the  latter 
show  in  some  instances  tensile  strengths  nearly  50  per  cent  higher 
than  that  of  the  shale  clays.  In  the  aooompanying  table  is  a  com- 
parison of  a  few  of  the  results  which  illustrate  these  facts: 
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Calcareous  glacial  clay . 
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30 
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Glacial  clays  are  usually  very  plastic  and  have  high  tensile 
strengths,  as  shown  in  the  above  table.  The  plasticity  of  glacial 
and  loess  clays,  while  usually  sufficient  to  make  them  run 
smoothly  through  a  die  or  to  mjold  well  in  the  hands,  is  mani- 
fested in  a  different  way  from  that  of  tiie  weathered  shales  and 
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fire  clays.  The  former  have  neither  the  greasy,  unctuous  feel  be- 
tween the  fingers,  nor  the  soapy,  glossiy  Burface  which  are  char- 
acteristic of  plastic  shales  and  fire  clays.  Their  plasticity  may 
be  designated  as  * '  sticky ' '  or  * '  muddy, ' '  in  distinction  from  the 
smooth,  soapy  nature  of  the  latter.  Loess  and  glacial  clays  have 
not  the  power  of  cohesion  that  other  clays  possess  when  in  the 
moist  condition.  They  will  roll  up  and  pull  aipart  readily  in 
working,  and  serrated  edges  on  the  bar  which  comjes  fromi  the 
auger  machine  are  much  more  common  when  a  loess  clay  is  used 
than  in  the  case  of  other  day®.  Yet  the  strength  of  the  dry 
product,  when  free  from  these  defects,  is  greater.  The  stability 
and  endurance  of  the  adobe  (which  is  a  material  closely  allied  to 
the  loess)  houses  and  cliffs  of  the  West  attest  this  fact  These 
classes  of  clays  are  very  sandy.  Glacial  days  are  comimonly 
very  fine-grained  except  for  the  sand  which  they  contain.  Loess 
clays  are  not  high  in  day  substance  and  consist  largely  of  sand 
varying  in  size  from  perceptible  grains  to  impalpable  silt. 

On  an  inspection  of  the  results  from  the  mechanical  analyses 
of  the  loess  clays,  it  will  be  noticed  that  the  composition  of  those 
having  the  highest  tensile  strength,  have  the  most  evenly  propor- 
tioned amounts  of  the  sizes  of  the  grains  represented.  Those 
possessing  a  large  proportion  of  excessively  fine  particles,  like 
the  ones  running  high  in  some  intermediate  size  of  grain,  are 
weaker  than  the  samples  which  analyze  more  nearly  even 
throughout  the  range  of  sizes.  The  difference  in  strength  is  not 
so  pronounced  nor  has  the  number  of  clays  tested  been  suffident, 
to  be  in  any  way  conclusive,  but  the  results  are  instructive  in 
that  they  suggest  a  possible  explanation  of  the  strength  of  clays 
based  upon  the  proportion  and  range  of  size  of  the  grains  present. 
The  table  shows  such  a  comiparison: 
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SHRINKAGE. 

It  is  well  known  that  clays,  on  drying,  undergo  a  decrease  in 
all  their  dimensions.  This  decrease  is  due  to  the  settling  together 
of  the  clay  particles  when  the  water  is  evaporated.  The  fact 
that  the  larger  the  amount  of  water  necessary  to  render  a  clay 
plastic,  the  greater  the  shrinkage  is  found  to  be,  suggests  that  the 
loss  of  the  water  is  the  prime  cause  in  bringing  about  the  dimi- 
nution in  volume.  In  considering  the  porosity  of  claysi  it  will 
be  seen  that  the  volume  of  the  pore  space  may  be  measured  by 
the  amiount  of  water  that  will  be  absorbed  without  changing  the 
form  of  the  body  of  the  clay— that  is,  the  water  required  to  fill  the 
interstices  among  the  grains  when  they  are  touching  each  other 
at  all  possible  points.  This  is  called  pore  water  and  does  net 
alter  the  volume  of  the  clay.  Tf  more  than  is  necessary  to  lill 
the  pore  system  is  present,  it  begins  to  get  in  between  the  points  of 
contact  of  the  clay  granules,  and  therefore  to  force  them  apart. 
Soon  each  little  particle  is  surrounded  with  a  thin  film  of  water 
separating  it  slightly  from  each  of  its  neighbors.  When  clay  is 
dry,  the  cohesion,  or  attraction  of  each  clay  particle  for  every 
other,  holds  the  mass  intact.  When  the  day  is  wet,  and  each  parti- 
cle is  separated  fromi  every  other  by  a  film  of  moisture,  this  same 
force  of  attraction  still  exerts  itself  to  hold  the  mass  together, 
but  because  of  the  intervening  space  and  the  confining  film  of 
water  through  which  it  must  act,  the  force  is  weakened  and  the 
particles  are  not  held  as  firmly  as  in  the  dry  clay.  Thus  sur- 
rounded and  lubricated,  so  to  speak,  with  a  capsule  of  water,  each 
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grain  glides  upon  its  neighbors  when  subjected  to  any  outside  pres- 
sure and  the  clay  miay  be  deformed  and  molded  into  any  shape.  If, 
now,  mjore  water  is  added  than  is  required  for  plasticity,  tlie  film 
round  each  grain  becomes  thicker,  the  distance  across  which 
cohesive  attraction  must  act  is  greater,  so  great,  perhaps,  that  the 
particles  no  longer  cling  to  each  other,  and  the  clay  gradually 
melts  down  and  loses  its  shai)e  entirely.  During  successive  addi- 
tions of  water  the  clay  will  increase  in  volume  as  long  as  it 
retains  its  shape.  If  the  water  is  now  allowed  to  evaporate  from 
the  clay,  the  conditions  that  were  noted  in  wetting  up  will  be 
repeated  in  reverse  order.  The  clay  will  begin  to  shrink  as  soon 
as  water  begins  to  leave  it,  and  ^^411  continue  to  do  so  until  the 
film  of  water  is  removed  from  between  all  ix>ints  of  contact  of 
the  grains  and  they  again  settle  together  as  closely  as  possible. 
At  tliis  stage  shrinkage  ceases,  but  there  is  still  left  in  the  clay 
all  the  water  the  pores  can  hold,  which  amounts  to  from  1  to  5 
per  cent,  depending  on  the  porosity.  Generally  speaking,  the 
finer  grained  clays  shrink  more  because  of  the  large  number  of 
minute  grains  to  be  surrounded  with  water.  But  they  are  usu- 
ally the  more  plastic  and  strong  and  better  able  to  stand  an 
excessive  shrinkage  without  cracking. 

•  The  shrinkage  of  a  clay  may  in  part  be  counteracted  by  the 
addition  of  a  non-plastic  niiaterial  as  has  been  shown  under  Bond- 
ing Power.  Common  sand  or  sandy  clay  are  often  used  for  this 
purpose.  This  is  done  with  clays  that  have  such  shrinkage  that 
they  will  not  dry  safely  and  which  will  stand  dilution  without 
impairing  the  product.  A  non-plastic  substance  thus  added  to 
a  fine-grained  plastic  clay  acts  not  alone  to  lessen  shrinkage  but 
facilitates  tlie  evaporation  of  water  from  the  clay.  If  the  non- 
plastic  substance  used  be  of  a  refractory  nature,  as  sand  or 
chamotte,  it  serves  further  to  maintain  the  form  of  the  ware 
when  vitrification  occurs. 
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Fire  Shrinkagei.— Fire  shrinkage  is  another  important  factor 
in  the  utilization  of  clay.  By  this  is  meant  the  change  in  vol- 
nmie  which  a  clay  suffers  during  burning.  This  contraction  begins 
at  red  heat  in  all  clays,  and  continues  to  vitrification,  where  the 
clay  reaches  its  greatest  density.  The  temperature  of  the  vitri- 
fying point  varies  with  different  clays.  The  shrinkage  which 
1)egins  at  red  heat  is  largely  due  to  loss  of  water  which  was  com- 
bined chemically  in  the  clay.  This  water  varies  in  per  cents 
from  3  or  4  to  nearly  14  in  high  grade  clays.  Any  carbonaceous 
or  other  organic  substances  in  the  clay  commience  to  bum  out 
ait  red  heat,  and  are  a  factor  in  the  shrinkage  of  the  clay  which 
begins  at  tliis  stage.  The  expulsion  of  these  ingredients  leaves 
the  clay  in  a  porous  condition,  but  its  contraction  is  not  great 
until  a  sufficiently  high  temperature  is  attained  that  the  clay 
oommiences  to  soften  and  to  fill  these  open  spaces.  If  the  heat  is 
carried  far  enough  the  pores  are  eliminated  and  the  clay  shrinks 
to  its  limit. 

The  practical  bearing  of  the  determination  of  both  air  and  fire 

« 

shrinkage  comes  in  the  application  of  any  given  clay  to  the  man- 
ufacture of  ware  of  certain  size.  It  is  necessary  to  know  how 
much  a  clay  when  molded  with  a  certain  percentage  of  water, 
will  change  in  volume  through  drying  and  burning.  With  tliis 
knowledge,  dies  and  moldsi  may  be  constructed  which  will  form 
ware  of  such  a  size  that  when  it  com)es  from  the  kiln  it  will  have 
the  exact  dimensions  desired  in  the  finished  product.  In  this 
regard  it  would,  of  course,  be  necessary  to  experiment  with  the 
cla)'-,  ground  to  the  fineness,  mixed  with  the  percentage  of  water 
and  burned  to  the  temperature  required  in  the  actual  manufac- 
ture of  the  ware. 

Shrinkage  tests  have  been  miade  of  a  number  of  Iowa  clays. 
The  metliod  followed  in  the  preparation  of  these  clays  for  the 
tests  has  been  outlined  under  Strength  of  Clays.  After  grinding 
and  screening  to  the  desired  degree  of  fineness,  the  clays  were 
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made  up  to  their  best  plasticity,  withouli  r^ard  to  the  amotmt  of 
water  reqvii-ed.  While  in  the  plastio  condition,  they  were  spread 
out  by  means  of  a  trowel  on  a  glass  plate  into  a  pat  about  one- 
half  inch  thick.  From  this  pat  were  then  cut  pieces  approxi- 
mately three  by  one  and'  one-half  inches. 

In  order  to  determine  shrinkage  in  drying  it  is  necessary  to 
measure  accurately  the  volumle  of  the  clay  when  it  is  in  the 
moist  and  plastio  condition  and  again  when  the  day  is  dry. 
The  difference  in  volume  gives  the  per  cent  of  shrinkage.  For 
fire  shrinkage,  the  difference  in  volume  between  the  dry  and  the 
burnt  clay  is  taken.  Such  a  method  determines  actual  change 
in  volume,  or  cubical  shrinkage.  The  linear,  or  shrinkage  in  one 
dimension,  may  be  obtained  by  extracting  the  cube  roots  of  the 
wet  and  dry  volumes,  taking  their  difference,  and  expressing  this 
■  -  -  ,  difference  as  a  percentage  of  the  root  of 
the  wet  volume.  Similarly  for  dry  and 
burnt  clay. 

The  apparatus  used  for  this  determin- 
ation is  the  S^er  Volumeter.  The  volu- 
meter consists  (see  Figure  2)  of  a  glass 
jar  with  a  capacity  of  about  four  litres, 
having  a  broad  mouth  and  closed  with  a 
groimd  glass  stopper.  Through  the  cen- 
ter of  the  stopper  is  a  circular  ox)eaing 
into  which  fits  the  ground  end  of  a  short 
glass  tube.  The  latter  expands  into  a 
bulb  a  few  inches  above  the  stopper  and 
is  again  contracted  to  small  diameter  be- 
yond the  bulb.  The  interior  of  the  jar 
is  thus  »pen  to  the  outside  through  this 
small  tube,  into  which  the  liquid  will  rise 
when,  the  jar  is  filled.  Near  the  base  of 
the  jar  is  a  glass  stop  cock,  which,  as 
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i^awn  in  the  cut,  is  connected  above  with  a  long  burette  holding 
125  cubic  centimeters  and  graduated  to  tenths.  The  upper  end 
of  the  burette  expands  to  a  bulb  that  serves  as  a  reservoir  for  the 
liquid!  drawn  upward  through  the  burette.  To  the  bent  portion 
of  the  tube  above  the  bulb  is  connected  rubber  tubing  of  con- 
venient length  to  ujse  in  drawing  the  liquid  into  the  burette.  The 
glass  tube  inserted  in  the  stopper  of  the  jar  has  on  it  just 
beneath  the  expanded  portion  a  mark,  which  is  at  the  level  of 
the  zero  in  the  graduations  on  the  burette.  When  the  stop  cock 
in  the  lower  part  of  the  burette  is  open  and  the  jar  is  filled  with 
liquid  up  to  the  mark  on  ifae  small  glass  tube,  the  liquid  will 
stand  at  the  zero  point  in  the  burette. 

To  use  the  Volumeter  with  any  substance  which  water  will 
not  disintegrate,  it  is  filled  with  water.  If  the  material  to  be 
tested  is  such  that  it  will  slake  when  immersed  in  water,  as  for 
instance,  clays  that  have  been  molded  and  dried,  some  oil  is  used 
instead.  The  inventor  of  the  apparatus  recommends  the  use  of 
a  heavy  petroleum;  which  has  been  decolorized  by  treatment  with 
sulfuric  acid  and  caustic  soda.  Ordinary  kerosene  oil  with  a 
specific  giavity  of  about  .8  (which  must  be  accurately  known)  has 
been  found  to  give  satisfactory  results. 

After  filling  the  jar,  the  burette  is  drawn  full  of  the  liquid 
by  suction  through  the  rubber  tube,  and  held  full  by  turning  the 
burette  valve  or  by  means  of  a  pinch  cock  on  the  rubber  tube. 
The  stopper  is  now  removed  and  the  test  piece  of  the  clay,  which 
is  still  plastic  and  permeated  with  water,  is  carefully  wiped  dry 
of  the  coating  film,  and  put  in.  The  test  pieces  described  earlier 
as  approximately  three  inches  long,  were  allowed  to  dry  till,  on 
picking  up  a  piece  endwise  between  the  thumb  and  finger,  the  mid- 
dle portion  did  not  sag.  This  point  was  noted  carefully  and  all 
samples  were  treated  in  this  regard  exactly  the  same.  Care 
is  taken  not  to  spatter  any  of  the  liquid  in  placing  the  block  of 
clay  in  the  jar.  In  order  to  prevent  this  and  to  avoid  breaking 
or  otherwise  marring  the  test  piece  by  dropping  it  into  the  ves- 
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sel,  a  small  wooden  float  or  support  (shown  to  tlie  right  at  the 
bottom  of  the  figure)  by  which  the  clay  may  be  carefully  let 
down  into  the  liquid,  is  advantageous.  This  float  is  conveniently 
made  with  a  small  eye  or  hook  near  each  end  so  it  may  be 
handled  by  reaching  in  with  two  stiflF  bent  wire  rods.  Some 
such  arrangement  as  this  is  found  quite  necessary  in  testing  the 
raw  clays  but  can  be  dispensed  with  when  the  clays  are  burned. 
The  stopper  is  now  replaced  and  by  releasing  the  pinch  cock, 
oil  from  the  burette  is  allowed  to  flow  back  into  the  jat  until  it 
stands  at  the  mark  on  the  short  tube.  The  volume  of  the  clay  is 
then  indicated  by  tihe  height  of  the  liquid  in  the  burette,  above  the 
zero  mark.  The  piece  of  clay  is  taken  out  and  placed  to  dry 
while  the  Volumeter  is  again  filled  to  the  zero  points  to  be  ready 
for  the  next  test. 

Wihen  air  dry  the  clay  is  heated  in  an  air  bath  to  230°  F.  to 
expel  all  hygroscopic  moisture  and  after  weighing  it  is  placed  in 
a  vessel  of  oil  until  saturated.  This  is  found  to  require  three  to  six 
hours  for  small  test  pieces  approximately  3  by  Ij^  by  3^  inches. 
When  saturated  the  piece  is  again  weighed  and  its  volume  meas- 
ured as  before.  Having  now  the  wet  and  dry  volumes,  the  per- 
centages of  cubical  shrinkage  in  drying  is  easily  calculated. 

In  measuring  fire  shrinkage,  the  samie  test  pieces  were  em- 
ployed that  were  miade  use  of  in  determining  drying  shrinkage. 
They  were  placed  in  a  small  muffle  furnace  (described  under 
Fusibility,  page  I28)and  burned  to  a  temperature  of  seven  to  eight 
hundred  d^rees  C.  By  burning  at  this  heat,  dehydration  and  oxi- 
dation of  the  clay  are  completed.  It  is  about  the  temperature  at 
which  common,  porous  red  building  brick  are  burned.  For  the 
larger  number  of  clays,  vitrification  has  not  yet  begun  at  this 
heat  and  they  are  left  in  the  most  porous  condition  attained  dur- 
ing any  part  of  tiie  burning  process.  In  carrjang  on  the  burn- 
ing of  the  test  pieces,  effort  was  made  to  bring  about  the  best 
conditions  for  oxidation  of  the  clay.  It  was  usually  not  difficult 
to  secure  perfect  oxidation  throughout  the  smiall  pieces  thai  were 
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used.  In  the  majority  of  clays,  very  little  shrinkage  occurred. 
In  some  instances  an  actual  increase  in  volume  was  noted.  This 
was  found  to  be  true  in  the  case  of  all  the  loess  clays  which  are 
prevailingly  sandy. 

In  the  actual  carrying  out  of  the  tests,  three  test  pieces  of  each 
clay  were  used  from  which  to  obtain  the  average  shrinkage  in 
drying.  But  two  were  employed  for  fire  shrinkage  tests.  The 
figures  given  in  the  accompanying  table  are  the  results  thus 
obtained. 


Clay. 


&'S 

1? 

u 

1^ 

is 

4. 

•as . 

pi 

Bomlng 
dry  vol 

CLAY. 


Flint  Brick  Go. ,  bottom 

Flint  Briok  Oo.,  middle 

Flint  Brick  Oo..  top 

Iowa  Brick  Oo. ,  bottom 

lows  Brick  Co  ,  6  from  top 

lows  Brick  Co.,  6  from  top 

Iowa  Brick  Oo. ,  4  from  top  

lows  Brick  Oo. ,  8  from  top 

lows  Brick  Co.,  2  from  top 

Flint  Brick  Oo.,  green  brick 

Capital  Oity  Brick  &  Pipe  Co., 
ffreen  brick 

Oorey  Preised  Brick  Co.,  red 
bornlng 

Oorey  Prened  Brick  Co.,  bnif 
bornlng 

Granite  Brick  Co. ,  top  strstom . . . 
Granite  Brick  Co.,  bottom 

L.  M.  Hsrri9,  bottom 

Capital  city  Brick  &  Pipe  Oo. ,  top 
Oapltal  city  Brick  &  Pipe  Co.,  2 

from  top....  

Capital  City  Brick  &  Pipe  Co.,  8 

from  top 


9.44 
28  81 
26.28 

1.99 
1.82 
4.24 

16.29 
9.10 
26.28 
21.58 
ia90 
19.97 

.84 

-i.(/r 

.68 

4.72 

-.59 

-1.48 

20.25 

-1.63 

28.80 

6.06 

16.94 

8.87 

27.00 

2.91 

4.86 
18.92 

.71 

17.88 

.14 

25.79 

604 

10.84 

-1.19 

26.86 

.47 

Capital  City  Brick  &  Pipe  Co.,  4 
from  top  ...  — .       .... 

Capital  city  Brick  &  Pipe  Oo. , 
bottom 

Colesbor g  Potter's  clay 

Clermont  Brick  &  TileXlk). ,  white 
bomlng 

Storm  Lake  Brick  &  Tile  03., 
Wisconsin  drift 

Dale  Brick  Co.,  shale 

B.  B.  Jester,  fire  clay 

American  Brick  &  Tile  Oo. ,  plastic 
shale 

LOBflB  OULTB. 

L.  O.  Besley,  top  of  bank 

L.  O.  Besley,  middle  ...... 

L.  O.  Besley,  bottom 

DaleBrickCo 

Qethmann  Bros.  Brick  Oo 


14.88 

8.44 

18.25 

12.88 

27.11 

8.71 

15.98 

21.62 


6.88 

9.62 

16.23 

22.17 

28  20 


-  .85 

-2.18 

5.92 

-1.06 

-8.78 
-2.85 
-1.49 

aoo 


-2.47 
-1.87 
-  .45 

-2  62 

-2.76 


POROSITY. 

The  porosity  of  a  clay  is  defined  as  the  ratio  between  the  vol- 
ume of  the  clay  and  the  open  or  pore  space  among  the  clay  par- 
ticles. It  is  thus  a  ratio  of  volumes  and  is  expressed  in  percentage 
of  the  total  volume  occupied  by  the  clay. 

Porosity  of  any  body  which  is  composed  of  an  aggregate  of 
particles  depends  on  the  size  and  shape  of  these  particles.    If 
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they  are  all  spherical  and  of  the  sanie  size,  as  in  a  mass  of  shot, 
porosity  is  at  its  maximum.    The  more  they  vary  in  shape  from 
the  sphere  and  the  greater  the  range  in  size,  in  general  the  lower 
the  porosity.    Clays  have  a  great  range  in  size  and  shape  of  con- 
stituent grain.  It  is  evident  that  if  a  clay  is  made  up  of  multitudes 
of  small  mineral  particles  of  multifarious  shapes  and  sizes,  it  is 
impossible  for  them  to  be  in  contact  with  each  other  at  all  points, 
even  when  the  clay  is  in  the  most  compacted  condition.  That  they 
are  not  is  evidenced  by  the  fact  that  dry  clay  absorbs  water, 
which  shows  that  it  is  porous.    The  microscope  also  reveals  the 
sihape  and    size  of   grains  to  be  variable.     Some  are  flat  and 
rounded,  others  are  elongated  or  sharp  and  angular  in  outline. 
The  size  of  these  grains  ranges  from  sand  which  is  visible  to 
the  imaided  eye,  to  such  minute  particles  that  the  highest  power 
of  the  microscope  fails  to  resolve  them.    It  is  clear  that  such  a 
mass  of  grains,  varying  as  they  do,  could  not  settle  together  in 
su<5h  a  way  as  to  fill  all  the  space  which  the  total  volume  of  the 
clay  occupies.    That  is,  when  the  particles  are  in  contact  at  all 
possible  points,  there  are  still  small  spaces  left  between  them, 
and  these  spaces  connect  with  others,  thus  forming  a  pore  sys- 
tem throughout  the  clay  mass.    Thus  the  veiy  smallest  particles 
fill  in  the  spaces  between  the  larger  grains.    It  is  difficult  to  say 
whether  one  clay  is  more    porous  than  another  if  notliing  is 
known  as  to  the  size  and  shape  of  the  grains.    One  may  absorb 
water  greedily  because  of  its  coarse  grain  and  would  be  called 
a  porous  clay.    Another,  while  it  may  not  take  up  water  with 
such  avidity  at  first,  may  ultimately  require  just  as  much  to 
saturate  it  as  the  former  coarse-grain^  one.  The  actual  amoimt 
of  pore  space  in  the  two  might  be  the  same,  and  their  differ- 
ences with  respect  to  water  absorption  would  probably  be  due 
largely  to  formi  and  size  of  the  individual  mineral  particles  of 
the  clay. 

On  the  porosity  of  clays  depends  largely  the  amount  of  water 
required  to  make  them  plastic.  On  the  water  of  plasticity  de- 
pends the  shrinkage  which  clays  undergo  in  drying.    The  ability 
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of  clays  to  withstand  rapid  drying  without  injury  is  dependent 
partly  on  the  shrinkage  which  they  suffer.  If  the  pores  of  the 
clay  are  large,  water  may  be  absorbed  rapidly  and  likewise  given 
off  readily.  If  the  pores  are  small,  moisture  is  both  absorbed  and 
evaporated  slowly. 

Porosity  is  a  very  imjportant  physical  factor  in  burnt  clay 
wares.  Unless  completely  vitrified,  all  clay  products  are  more 
or  l^s  porous.  As  with  building  stones,  the  value  of  burnt  clay 
for  structural  purposes  depends  on  its  ability  to  withstand  the 
conditions  under  which  it  is  placed,  especially  the  influence  of 
weather.  All  unvitrified  bricks  absorb  water  from  the  atmos- 
phere and  the  earth ;  whether  with  readiness  and  in  quantity  de- 
pends upon  their  porosity  and  fineness  of  grain.  The  freezing  of 
contained  moisture  in  the  pores  of  the  brick  in^poses  one  of  the 
most  strenuous  tests  which  a  brick  must  undergo.  If  the  pore 
systemi  is  fully  developed  and  the  pores  are  large  the  brick  will 
usually  suffer  little  deterioration,  as  the  pressure  exerted  by  the 
expansion  of  water  on  freezing  will  be  relieved  by  the  exuda^ 
tion  of  small  ice  crystals  from  the  pore  openings  at  the  surface 
of  the  clay.  That  is,  the  small  capillary  tubes  throughout  the 
clay  are  of  such  size  that  the  expansive  force  at  freezing  pushes 
the  many  little  columns  of  ice  outwards  instead  of  subjecting  the 
brick  itself  to  the  strain.  If  the  clay  is  very  fine-grained  (as 
has  been  shown,  its  porosity  may  be  the  same  as  that  of  the  open- 
textured  clay)  its  capillary  system  will  consist  of  very  small  open- 
ings, tubes  so  tortuous,  perhaps,  that  no  movement  of  the  ice 
spicules  is  possible  when  the  water  congeals  in  the  pores.  In 
this  instance,  the  expansive  force  of  the  freezing  water  is  directly 
exerted  to  separate  the  particles  and!  is  effective  in  breaking 
dbwn  the  structure  of  the  clay.  If  a  day  is  an  exceedingly  close- 
textured  one,  its  porosity  is  apt  not  to  be  so  pronounced,  and, 
as  in  the  case  of  many  of  the  best  grades  of  dry  press  face  brick, 
will  not  absorb  enough  water  to  become  a  disrupting  agent  on 
freezing.    Thus  it  is  obvious  that  there  are  two  limits  of  safety. 
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the  strong  clay  with  low  porosity,  and  the  coarser  clay  with  large 
pore  spaces  and  a  well  developed  pore  system,  if  both  are  equally 
well  burnt,  are  but  little  affected.  The  determination  of  porosity 
thus  becomes  of  importance  with  both  the  dry  and  the  burned 
clays.  In  order  that  the  results  may  be  of  the  greatest  practical 
value,  however,  the  clays  should  be  dealt  with  after  receiving 
the  treatmient  to  which  they  are  subjected  in  the  actual  processes 
of  manufacture. 

The  porosity  of  granular  bodies  is  often  found  by  noting  the 
weight  of  water  absorbed  and  ooonparing  this  with  the  weight 
of  the  dry  mlaterial.  Since,  however,  the  porosity  is  a  relation 
between  volumes,  this  method  does  not  measure  true  porosity. 
Buckley*  has  fittingly  termed  the  result  obtained  by  the  above 
process  the  *  *  ratio  of  absorption '  \  and  it  should  not  be  confused 
with  true  porosity,  which  is  the  volume  of  pore  space  compared 
with  the  volume  of  the  clay.  Porosity  is  obtained  by  saturating 
the  body  with  some  liquid  whose  specific  gravity  is  known. 
With  dry  clays  it  is  impossible  to  use  water  because  of  its  slak- 
ing effect.  In  the  tests  mhde  for  this  report,  kerosene  was 
employed*  for  saturating  the  raw  clays,  after  determining  very 
carefully  its  specific  gravity.  For  the  burned  samples,  distilled 
water  was  used  and  its  specific  gravity  taken  as  unit5^ 

The  porosity  determinations  were  made  by  the  aid  of  the 
Seger  Volumeter  described  under  Shrinkage.  Porosity  was 
measured  on  the  samples  used  for  shrinkage  determinations. 
The  volume  of  the  test  pieces  was  measured  after  the  clay  was 
dry.  The  pieces  were  then  allowed  to  stand  in  the  oil  used  until 
saturated.  (See  Shrinkage.)  The  dry  weight  and  that  after 
saturation  were  recorded.  Let  the  volume  of  the  dry  testpiece  be 
called  V ;  g,  the  difference  in  weight  between  tlie  drj^  and  tlie  satu- 
rated piece,  or,  in  other  words,  the  weight  in  grams  of  oil 
absorbed;  s,  specific  gravity  of  the  oil.  Porositj^  is  obtained 
from  these  data  by  dividing  the  weight  of  oil  absorbed,  g,  by 

'Baildlngsod  Ornamental  Stones.    Bulletin  No.  4,  Wisconsin  Geo].  Snrv. ,  p.  69. 
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its  sjjecific  gi*avity,  s,  and  this  quotient  by  the  volume  V,  of  the 

test  piece.    The  last  quotient  multiplied  by  100  gives  the  per- 

g 
eentage  of  ix)rosity.  In  formula,  p  =  j .103.  For  the  porosity 

V 

of  the  burnt  clay  with  which  water  could  be  used  for  saturation, 
precisely  the  same  plan  was  followed.  The  specifio  gravity 
of  distilled  water  at  ordinary  tem|>eratures  was  taken  a&  unity, 
it  was  thought,  without  the  introduction  of  any  appreciable 
error;  s,  therefore,  disappears  from'  the  formula;  g  becomes 

cubic  centimeters,  and  the  expression  reduces  toP=Y .100, 

which  is  a  direct  comparison-  of  the  volume  of  water  absorbed 
with  tlie  volume  of  the  clay.' 

The  results  given  in  the  table  below  were  obtained  by  taking 
the  average  of  three  determinations  for  each  of  the  clays  in  the 
unbumed  condition;  and  tlie  average  of  two  samples  of  each  of 
the  clays  after  they  were  burned'  at  a  temperature  of  750°  to 
800°  C. 


CLAY. 


■go 

t 


OLAY. 


Flint  Briok  Co. ,  bottom  of  bank.... 

Flint  firiok Go.,  middle    

Flint  Brick  Co.,  top 

Iowa  Briok  Co.,  bottom  of  b  mk  ....- 

Iowa  Brick Oo..  6fromtop 

Iowa  Briok 0>..  6 from  top 

Iowa  Briok  Co. ,  4  from  top 

Iowa  Brick  (V>  ,  8  from  top 

Iowa  Brick  Co.,  S  from  top 


Flint  Brick  Oa .  green  briok  . 


•      •  •  •  • 


Oapital  City  Briok  and  Pipe  Co., 
green  brick 

Oorey  Preised  Brick  Ca ,  red  burn- 
ing cl%7 

Corey  PresMd  Briok  Oo. ,  bnif  burn- 
ing clar 

Granite  Briok  Ca ,  top  of  pit 

Oranlte  Briok  Co.,  bottom  of  pit. . 


It.  M.  Harris,  Bookford,  Iowa. 


Oapital  Gitj  Brick  and  Pipe  Co., 
top    . 

Oapital  0it7  Brick  and  Pipe  Co., 
tfrom  ton  


80.04 
28.00 
17.8] 

20.94 
24.74 
22  81 

28.09 
88M 
17.06 
29.87 
25  78 
17. 4S 

88.46 
27.64 
21.41 

2A.64 

28.90 
21.89 

28. 2U 

28.47 

21.88 

22.16 

80.10 

88.24 

28.10 

29.69 

28  on 

22.41 

25.67 
22.96 

34.88 

84.78 

80.80 

27.69 

25.26 

26. 4S 

Oapital  Cltj  Brick  and  Pipe  Co., 
8  from  top  

Oapital  Oity  Brick  and  Pipe  Co.. 
4  from  top  

Capital  Oitj  Brick  and  Pipe  Co., 
bottom  stratnm 

Potter's  clay,  Co^esborg,  Iowa 

Clermont  Briok  and  Tile  Oo  ,  white 
boming     ..     

Storm  Lake  Brick  and  Tile  Co., 
Wisconsin  drift 

Dale  Brick  Co. ,  shale....  

a  B.  Jester,  Danyille,  Iowa,  lire  clay. 

American  Briok  and  Tile  Co. ,  plaa- 
tlcshaie  

LOB88  OLATB. 

L.  O.  Besley,  top 

L.  0.  BoHley,  middle 

L.  0.  Besley,  bottom 

Dale  Briok  Co 

Gethroann  Bron. ,  niadbrook 


17.00 
26.18 
2160 
28  86 

22.66 

19.27 
28.98 
20.86 

80.71 


20.77 
25.80 
2108 

18.14 

22.48 


20.81 
27.29 
26.64 
25.51 

89  68 

2a  88 
81.02 
23.66 

80.46 


82.66 
28.68 
22  82 

20.08 

25.27 
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SPECIFIC  GRAVITY. 

Specific  gravity  has  not  been  shown  to  be  a  factor  of  especial 
importance  in  the  economic  trea.tm|ent  of  clays.  According  to 
the  conception  that  specific  gravity  is  a  function  of  porosiij%  it 
is  considered!  to  have  a  bearing  on  the  fusibilty  of  clays.  Tlie 
more  compact  and  non-porous  the  day,  other  things  being  equal, 
the  higher  the  specific  gravity  and  the  lower  the  fusion  i)oint. 
On  this  basis,  the  clay  might  have  one  specific  gravity  as  it  came 
from  the  bank  and  tliis  would  change  with  each  variation  in 
manipulation.  The  ground  clay  would  have  a  different  specific 
giavity  from!  the  undisturbed  clay  in  the  bank.  If  clays  were  to 
be  uised  in  their  natural  state  for  building  purposes,  as  are  other 
clasees  of  quariy* products,  a  knowledge  of  their  specific  gravity 
based  on  the  above  conception,  might  be  of  some  value  as  indi- 
cating relative  mass.  This  is  not,  however,  the  true  specific 
gravity  of  the  clay,  which  depends  alone  on  the  minerals  com- 
posing it  and  is  independent  of  porosity.  From  tliis  standpoint, 
the  specific  gravity  of  a  clay  is  constant  no  matter  what  condi- 
tion the  clay  may  have. 

Pure  kaolinite  has  a  sj)ecific  gravity  of  2.6.  Quartz  sand  has 
a  &i)ecific  gravity  of  2.65.  The  iron  minerals  occurring  in  clays 
are  all  heavier  than  the  above  constituents.  Lime  carbonate  is 
likewise  somewhat  heavier.  The  principal  impurities  in  clays 
that  are  lighter  tlian  the  essential  constituents  are  feldspar,  cal- 
cimn  and  magnesium  sulfates,  alum,  and  soluble  salts  of  potas- 
siuml  and  sodimii.  Otlier  salts  of  low  sp^ecific  gravity  occasion- 
ally occur  but  seldomi  in  sufficient  quantity  to  appreciably  mod- 
ify the  weight  of  the  clay.  In  fact,  the  proportion  of  the  sub- 
stances mentioned  as  of  less  specific  gravity  than  kaolinite  is 
usually  not  large,  so  that,  viewed  from  the  point  of  mineral 
composition,  most  clays  should  have  si:)ecific  gravities:  very  close 
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to  that  of  kaolinite  itfcelf.  Clays  high  in  iron  compounds  Will 
of  course  have  higher  si^ecdfio  gravities.  This  is  found  in  gen- 
eral to  be  true,  more  of  thein^  however,  being  below  2.6  than 
above,  some  departing  so  abnormally  that  it  is  impossible  to 
exjJain  such  departure  by  a  study  of  the  mineral  constitution 
of  the  clay.    This  is  especially  true  of  the  loess  clays. 

The  Seger  Volumeter  described  earlier  was  employed  for  spe- 
cific gravity  determinations.  Only  the  data  collected  in  the 
measurement  of  porosity  and  shrinkage  were  required  to  calcu- 
late specific  gravity.  This  was  calculated  on  the  same  samples 
used  to  determine  porosity. 

If  we  allow  G  to  stand  for  the  actual  weight  or  mass 
of  the  tesit  piece  when  dry,  this  value  divided  by  the 
volume  of  the  latter  in  cubic  cm,  ^  ,  would  give  specific  gravity 
if  the  clay  were  entirely  noxi-porous.  But  since  V  represents 
apparent  volume,  tliat  is,  clay  plus  pore  space,  in  order  to  get 
the  real  volume  of  the  clay  present,  this  volume  must  be  cor- 
rected for  pore  space.  100  per  cent  less  the  percentage  of  por- 
osity, P,  gives  the  percentage  of  the  apparent  volume  which  is 
actually  occupied  by  the  clay  particles.  This  difference  multi- 
plied by  the  already  obtained  volume  of  the  clay  gives  the  space 
in  cubic  centimeters  really  occupied  by  clay.  The  weight  of  the 
clay  sample  divided  by  the  corrected!  volmne  equals  the  true  spe- 
cific gravity.    Tliis  is  expressed  in  fommla  thus : 

G 


V  (100  per  ccnt-P) 


=  Sp.  Gr. 
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CLAYS. 


4^   CB 

>  p 

*>   O 

bcx) 

Ma 

o  9v- 

a  h 

s"^ 

O         «( 

o  l" 

S.O 

M 

CO 

2.40 

2.24 

2.51 

2.46 

2.41 

2.46 

2.36 

2.41 

2.37 
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2.54 

2.46 

2.42 
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2.51 

2.52 

2.42 

2  51 

2.49 

2.54 

2.52 

2.54 

2.49 

2.25 

2.23 

2.42 

2.43 

2.56 

2.52 

2.64 

2  50 

2.48 

2.39 

2.53 

2.50 

2.45 

2.39 

2.40 

2.32 

2.62 

2.37 

2.58 

2.54 

2.42 

2.24 

2.48 

2.41 

2.49 

2.42 

2.51 

2.42 

2.34 

2.?7 

2.32 

2.28 

2.40 

2  23 

2.44 

2.35 

2.41 

2  28 

Flint  Brick  Company ,  bottom 

Flint  Brick  Company,  middle 

Flint  Brick  Company,  top 

Iowa  Brick  Company ,  bottom 

Iowa  Brick  Company,  sixth  from  top 

Iowa  Brick  Company ,  fifth  from  top 

Iowa  Brick  Company,  fourth  from  top 

'Iowa  Brick  Company ,  third  from  top 

Iowa  Brick  Company,  second  from  top 

Flint  Brick  Company ,  green  brick ^^, . . . 

Capital  City  Brick  and  Pipe  Company,  green  br^ 

Corey  Pressed  Brick  Company,  red  burning 

Corey  Pressed  Brick  Company,  buff  burning. .' 

Granite  Brick  Company,  top 

Granite  Brick  Company,  bottom 

L.  M.  Harris,  bottom 

Capital  City  Brick  and  Pipe  Company,  top 

Capital  City  Brick  and  Pipe  Company,  second  from  top 
Capital  City  Brick  and  Pipe  Company,  third  from  top  . 
Capital  City  Brick  and  Pipe  Company,  fourth  from  top 

Capital  City  Brick  and  Pipe  Company,  bottom 

Cola  burg,  potter's  clay 

Clermont  Brick  and  Tile  Company,  white  burning 

Storm  Lake  Brick  and  Tile  Company,  Wisconsin  drift . 

Dale  Brick  Company,  shale 

B.  B.  Jester,  fire  clay 

American  Brick  and  Tile  Company 
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L.  C.  Besley ,  top 

L.  C.  Besley,  middle 

L.  C.  Besley.  bottom 

Dale  Brick  Company 

Gethmann  Brothers  Brick  Compnny  
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Much  can  be  told  as  to  the  fineness  of  grain  of  clays  by  tJieir 
appearance,  the  way  in  which  they  slake  in  water,  and  by  the 
feel  of  the  wet  clay  between  the  fingere.  Such  tests  as  these  can 
be  applied  readily  and  rapidly  in  any  case  and  to  the  clayworker 
usually  give  all  the  information  thajt  is  required  regarding  the 
grain  of  the  clay  and  its  working  plasticit^^ 
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The  fineness  of  the  grain  of  clays  has  an  important  bearing  on 
plasticity,  shrinkage,  porosity,  rapidity  with  which  ihey  can  be 
dried  and  burned  and  their  fusibilitv.  Some  have  considered 
fineness  alone  the  cause  of  plasticitj'.  It  has  been  previously 
shown  under  Plasticity,  however,  that  mere  fineness  does  not 
account  entirely  for  this  property  but  that  the  plate  or  scale 
structure  of  the  grains  is  of  primary*  im^portanoe,  while  fineness  is 
probably  secondary  amd  its  effect  on  plasticity  depends  upon  this 
first  factor.  Nevertheless  it  may  be  held  as  a  general  rule,  that 
the  finest  grained  clays  are  the  most  plastic  or,  in  the  usual  order 
of  observation,  the  most  plastic  clays  are  found  to  be  the  finest 
grained.  Under  Shrinkage  and  Bonding  Power  has  been  pointed 
out  the  effect  of  size  of  grain  on  the  change  in  volume  in  drying 
and  burning.  Inl  general,  fine-grained,  and  therefore,  plastic 
clays  shrink  the  most.  To  this  rule  there  are,  however,  very  fre- 
quent exceptions.  It  may  be  stated  that  at  present  too  little  is 
known  about  the  mechanical  constitution  of  clays  to  account  for 
many  of  these  exceptions  to  the  rule.  It  is  believed  that  they  are 
due  mostly  to  the  range  of  the  sizes  of  the  grains  represented 
and  in  somte  degree  to  the  shape  of  the  particles.  The  porosity 
of  clays  is  likewise  influenced  by  the  fineness  of  grain  but  more, 
perhaps,  by  the  shape  and  range  of  the  sizes.  The  rapidity 
with  whidi  a  clay  can  be  dried  depends  upon  the  development  of 
its  pore  system  and  upon  the  amount  of  shrinkage.  If  tlie  clay  is 
fine-grained,  its  pores  will  be  small  and  the  water  which  leaves 
it  will  find  difficulty  in  reaching  the  surface.  The  outer  jx>rtions 
of  the  clay  shrink  around  a  still  moist  and  expanded  interior 
which  often  causes  checking  and  cracking.  In  a  coarse-grained 
clay  the  water  readily  passes  outward,  tlie  whole  mass  of  clay 
shrinks  together,  and,  other  tilings  being  tlie  same,  cracking  is 
much  less  apt  to  ensue.  There  is,  tliough,  always  the  matter  of 
the  coherent  strength  of  the  clay  to  be  kept  in  mind.  Oftentimes, 
clays  of  very  fine  grain  and  high  shrinkage  are  rapidly  and  sue- 
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cessfuUy  dried  because  of  their  inherent  strength  which  tides 
them<  over  a  period  of  considerable  strain.  Coarse-grained  clays, 
if  they  lack  this  strength,  are  apt  to  check  if  subjected  to  the  least 
possible  amount  of  drying  strain  and,  therefore,  require  verj^ 
careful  handling.  There  are  two  w^ys  in  which  clays  are 
affected  by  the  rising  temperature  in  burning.  The  temperature 
of  tlie  body  of  clay  itself  must  be  raised  to  that  of  the  atmos- 
phere surrounding  it.  This  is  accomplished  by  conduction 
through  the  clay  by  contact  of  one  particle  with  another.  Clay 
is  a  poor  conductor.  If  the  heat  is  raised  rapidly,  checking  naay 
be  brought  about  by  differential  expansion  due  to  difference  in 
temperature  in  parts  of  the  same  piece  of  clay.  This  is  espe- 
cially imjDortant  with  large  and  thick  pieces  of  ware.  Solids  are 
usually  the  best  conductors  of  heat,  because  tlieir  particles  are 
in  most  intimate  contact  A  close-textured  clay  in  which  the 
particles  are  closely  packed  together  would,  therefore,  conduct 
heat  most  readily ;  while  there  would  be  more  danger  of  injury 
from  this  cause  to  a  coarse-grained  clay,  because  of  the  large 
pore  spaces  and  the  lack  of  inherent  strength.  Secondly,  by  the 
giving  off  of  combined  water  and  other  gases.  This  takes  place 
at  red  heat  and  above  and  would  subject  the  clay  t)o  a  set  of  con- 
ditions similar  to  those  of  drying.  Witli  a  well  defined'  pore 
system  as  in  coarse  clays,  the  gases  easily  pass  out.  Their 
passage  is  more  obstructed  in  fine-grained  clays  by  tlie  small  size 
of  the  pores  and  the  clay  is  subjected  to  a  strain.  The  limita- 
tions with  regard  to  the  strength  of  the  fine  and  coarse-grained 
clays  hold  in  this  instance  as  in  tlie  case  of  d'rying  strains.  It 
is  shown  under  Fusibility  that  ordinary  clays  are  more  fusible 
the  finer  their  grain.  This  is  explained  by  the  greater  intimacy 
of  the  contact  which  the  fine  grains  have,  and  esi>ecially  if  tliey 
are  of  varying  composition,  by  the  fluxing  effect  of  fusing  parti- 
cles on  those  around  them. 
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The  mechanical  eomipositioii  is  thus  of  importance  in  the 
explanation  of  many  of  the  properties  of  clays.  A  fuller  knowl 
edge  than  is  to  be  obtained  by  the  tests  outlined  at  the  beginning 
of  the  chapter,  is  to  be  had  by  making  meclianical  analyses  of 
the  clays.  There  are  two  chief  methods  by  which  tliis  is  accom- 
plished. They  are  both  gravity  methods,  one  depending  uix)n  the 
ability  of  a  current  of  water  of  given  velocity  to  carry  out  a  cer- 
tain range  of  particles;  the  second  upon  the  settling  of  a  range  of 
S!  OS  in  a  certain  period  from  quiet  water  in  which  the  clay 
particles  are  suspended.  The  former  is  illustrated  by  the 
Schoene  apparatus,  a  description  of  whidi  may  be  found  in 
many  of  the  standard  German  text-books  on  clay  working*  and  in 
volume  XXXIII,  page  436,  of  the  Clayworker,  puiblished'  in  this 
country.  The  latter  is  exempdified  in  the  Whitneyf  process, 
which  was  devised  in  the  mjedianioal  study  of  soils. 

The  process  employed  in  the  analysis  of  clays  for  this  report 
is  a  modification  of  the  Whitney  process.  A  settling  can  of 
tinned  sheet  iron  one  foot  high  and  six  inches  in  diameter  was 
made.  It  was  provided  with  a  stop  cock  three  inches  from  the 
bottom.  Before  use  could  be  made  of  the  instrurasent,  standard- 
ization  was  necessary.  According  to  Whitney's  metliod,  the  fol- 
lowing; terms  for  the  different  sizes  of  grains  are  used :  .1  to  .05 
mm.  in  diameter,  very  fine  sand;  .05  to  .01  mm.,  silt;  .01  to  .005 
mm.,  fine  silt;  below  .005  mm.,  clay.  In  the  analyses  made,  this 
nomenclature  was  followed  with  the  exception  that  all  particles 
below  .003  mlm^  are  included  as  clay.  This  was  done  because 
.003  man.  corresponded  witli  the  smallest  micrometer  division  in 
the  microscope  used  for  measurement.  Only  loess  clays  have 
been  analyzed.  It  is  probable  that  the  above  classification'  would 
require  much  modification  to  express  the  true  comix)8ition  of 
plastic  shales  and  fire  clays,  especially  if  it  is  attempted  to  sep- 

*  Die  Fenerf eeten  Thone.    Dr.  C.  Biachof,  p.  70. 

t  Mechanical  Analyals  of  Soil  .     Bulletin  Departqient  of  Agricnltare. 
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arate  clay  subeitance  from  tlie  other  constituents.  Thus  Seger* 
includes' under  the  head  of  **clay  substance"  all  material  from 
.01  mm.  down.  It  is  necessary  to  standardize  the  process  accord- 
ing to  the  class  of  clays  investigated.  Thus  for  kaolins,  which 
are  largely  clay  substance,  a  still  broader  range  of  particles 
would  be  included  as  clay.  It  is  ostensibly  impossible  to  estab- 
lish fixed  lines  between  particles  which  are  real  clay  and  grains 
of  other  minerals  based  on  size  alone,  and  this  is  not  necessary. 
All  that  is  desired  is  tlo  separate  clays  into  a  series  of  sizes  of 
grain  and  the  points  at  which  the  divisions  are  made  are  entirely 
arbitrary. 

In  order  to  analyze  the  clays  according  to  Whitney's  classi- 
fication, it  must  next  be  determined  how  long  periodis  are  re- 
quired for  the  different  sizes  of  grains  to  settle  under  the  condi- 
tions which  exist  in  an  instrument  of  the  given  dimensions.  To 
do  this,  a  sample  of  clay,  the  amount  to  be  later  used  in  analysis, 
was  placed  in  the  settler,  agitated,  then  allowed  to  settle  quietly. 
At  frequent  intervals,  measurements  of  the  maximum  grains 
still  La  suspension  were  made  by  means  of  a  petrographical 
mieroeoope  provided  with  the  eye-piece  micrometer;  and,  after 
tapping  off  the  water,  of  the  range  of  particles  that  had'  settled 
in  the  observed  length  of  time.  By  experimenting  in  this  way, 
the  f ollowitig  periods  were  established)  for  the  several  sizes :  for 
particles  above  .05  nrai.  in  diameter,  5  minutes,  4  minutes,  3 
minutes,  2  minutes,  2  minutes,  1.5  minutes,  1.5  minutes;  .05  to 
.01  mm.  in  diameter,  11  minutes,  10  minutes,  9  minutes,  9  min- 
utes, 9  minutes,  8  minutes,  8  minutes ;  .01.  to  .003  mm.  in  diam- 
eter,, 20  minutes,  19  minutes,  18  minutes,  18  minutes,  18  minutes, 
17  minutes,  17  minutes.  At  the  end  of  each  settle  the  water  was 
tapped  off,  carrying  all  suspended  material  with  it.  At  the  close 
of  each  series  of  settling  periods,  the  water  was  practica;Uy  clear. 

In  the  execution  of  the  work,  a  sample  of  50  grams  of  the  air 
dried  clay  was  weighed  out  and  dried  at  230°  F.  in  an  air  bath 

*  Collected  Writings.    TranBlation.    Am.  Ceramlo    Society,  Vol.  I,  p.  42. 


FINENESS   OF   GRAIN.  121 

for  three-quarters  of  aa  hour,  then  reweighed  for  hygroscopic 
moisture.  The  clay  was  then  placed  in  a  lao-ge  beaker  of  water, 
heated  to  boiling  and  held  at  that  temperature  for  one-half  hour. 
This  was  d'one  to  separate  the  grains  from  one  another.  The 
loess  clays  disintegrated  very  readily  and  completely  by  this 
treatment,  but  it  was  impossible  to  reduce  the  plastic  shales  in 
this  way.  Whitney  employs  a  '* shaker"  in  which  the  soil  solur 
tions  are  vigorously  kept  in  motion  for  days  at  a  time  if  neces- 
sary, until  disintegration  is  complete.  Some  arrangement  of 
this  kind  must  be  used  in  the  treatment  of  plastic  clays. 

The  day  samjple  is  next  thrown  onto  a  150-mesh  sieve  and 
thoroughly  washed  through  by  water  from  a  small  hose  under 
strong  hydrostatic  pressure.  All  particles  above  .1  mm.  in 
diameter  remain  on  the  sieve,  are  dried  and  weighed.  The  clay 
solution  is  now  poured  into  the  settling  can  with  the  outlet 
closed,  which  is  then  filled  with  waiter  from  the  hydrant  to  one- 
half  inch  of  the  top.  For  an  agitator,  a  piece  of  wire  gauze  was 
made  to  fit  the  interior  of  the  can.  To  the  center  of  this  was 
attached  a  stiff  wire  rod  so  that  the  gauze  could  be  drawn  rap- 
idly upwards  through  the  liquid  several  times,  finally  coming  to 
rest  on  the  bottonx  By  this  means  all  the  clay  is  brought  into 
suspension  without  the  generation  of  any  well  defined  currents 
which  would  tend  to  buoy  the  particles  up,  as  would  be  the  case 
if  circular  currents  were  started  by  stirring.  Vertical  currents 
are  not  noticeable  and  the  material  settles  in  practically  still 
water.  At  the  end  of  each  of  the  periods  of  settling  given  above 
the  tap  was  opened  and  the  supernatant  water  above  the  aper- 
ture with  all  the  parBcles  still  suspended  flowed  rapidly  out  into 
a  settling  tank  or  into  separate  receptacJeSi.  The  settler  is  again 
filled  and  the  operation  repeated.  When*  the  first  series  of  set- 
tles is  completed,  viz.,  5,  4,  3,  2,  2,  1.5,  1.5  minutes,  the  sand 
remaining  in  the  settler  is  removed,  dried  and  weighed  as  *  *  very 
fine  sand"  and  ranges  in  diameter  from  .1  to  .05  mm.     The 
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water  which  has  aooumulated,  approximating  nine  or  ten  gallons, 
is  best  allowed  to  stand  in  a  large  tank  until  all  siist>ended  mat- 
ter has  settled  to  tlie  bottom.  Tliis  requires  from-  36  to  40  hours. 
The  supernatant,  clear  liquid  is  tlien  siphoned  off  and  the  slime 
again  placed'  in. the  settler.  To  obtain  the  succeeding  sizes  of 
particles,  the  process  of  settling  is  simply  relocated  as  described 
above,  using  the  longer  periods  of  time  as  the  particles  become 
smaller  and  smaller. 

Care  is  to  be  exercised  in  all  parts  of  the  process,  especially 
in  the  matter  of  removing  the  slimes  from  the  settling  tank  and 
the  various  sands  from  tlie  settler.  In  spite  of  all  precaution 
an  analysis  will  usually  total  more  than  100  per  cent.  This  is 
in  part  accounted  for  by  the  presence  of  soluble  salts  if  hydrant 
water  is  used.  This  portion  of  the  error  could  be  corrected  by 
making  use  of  distilled  water.  In  the  present  work,  care  was 
taken  to  evaporate  substantially  the  same  amount  of  water  in 
drying  each  of  tlie  sand's  so  the  same  correction  could  be  applied 
to  the  weight  of  each  one.  In  each  case,  therefore,  the  excess 
was  proportioned  among  the  seimrate  weights  so  as  to  make 
the  total  100  per  cent 

To  furnish  an  idea  of  the  accuracy  it  is  possible  to  attain  in 
this  work,  and  as  an  example  to  illustrate  the  degree  to  which 
the  work  of  one  person  may  be  miade  to  check  that  of  another, 
the  following  comparison  is  given.  The  first  analysis  was  made 
by  the  autlior  and  tlie  second  a  year  later  of  tlie  same  sample  by 
Mr.  T.  L.  Green,  a  student  in  the  ceramic  laboratory  at  the  Iowa 
State  College. 

II.  I. 

Hydroscopic  water 20  1 .55 

Above  .1  mm 1.38  3.44 

.Ito.OSmm 26.65  22.10 

.05to.01mm 46.71  49.11 

.01  to  .003  mm 12.02  13.44 

Below  .003  mm 13.03  10.35 

Total 99.99  99.99 
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In  the  following  table  is  a  list  of  the  analyses  made. 


J 

SIZE  OK  PARTICLBS. 

CLAVS. 

II 

<     ■ 

3 

s.. 

11 

L   C .  Besley,  top  clav 

L.  C.  Betley,  middle 

L.  C.  Besley.  bnltom 

Dale  Brick  Comp«DV 

1.55 
1.6S 
2.01 
1.41 
259 
3.77 

3.« 
.62 
l.GZ 
Z7.« 
5  19 
0  00 

22  10 

23.38 
25.26 
12.84 
22.46 
22.32 

49.11 
40.40 
29.72 

14.39 
32.04 
35.98 

13  44 
16.17 

17.85 
10. S7 
14.15 
12.87 

10  35 
17.77 

23.74 
33.35 
23  55 
2S.06 

99.99 
99.99 
00  23 
99.98 

CaTDflron  Bank,  Ames 

100  00 

FUSIBILITY. 


A  aubstanoe  is  said  to  be  fusible  when,  by  subjecting  it  to  a 
certain  set  of  conditions,  it  may  be  made  to  change  from  the 
solid  to  the  liquid  state.  The  process  of  passing  from,  solid  to 
liquid  form  is  known  as  fusion.    The  melting  of  ice  to  form  the 


Fio.  3.    HoJklna  toToaae  with  L«  OhaMller'a  pjromeCer  far  moUns  tosIbiUty  (eets  on  olay» 
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liquid,  water,  is  as  tiiily  fusion  as  is  the  phenomenon  which 
takes  place  in  the  glass  pot  in  the  reduction  of  the  mjechanical 
mixture  of  glass  forming  ingredients  to  a  vitreous  and  molten 
mass.  The  difference  lies  only  in  the  amount  of  lieat  required  to 
bring  about  this  change  in  physical  character. 

Theoretically,  all  elements  and  mineral  substances,  tliat  is,  all 
inorganic  oomipounds  of  definite  chemical  comjposition,  are  cap- 
able of  existing  in  the  three  conditions,  solid,  liquid  and  gaseous. 
Substances  are  found  in  nature  in  all  these  three  conditions. 
They  so  exist  because  under  their  surroundings  they  are  stable 
in  the  condition  in  whicjh  they  ooour.  If  their  environmient  is 
altered,  they  may  be  made  to  assume  both  of  the  other  physical 
states.  A  solid,  for  example,  may  be  made  to  pass  into  the 
liquid  condition  and  later  to  the  gaseous  state. 

The  two  important  factors  which  influence  and  limit  the  phy- 
sical condition  of  any  definitely  composed  substance  are  tem- 
perature and  pressure.  Under  ordinary  temperatures  and  pres- 
ures,  a  body  may  exist  as  a  solid,  while  if  these  are  varied,  the 
body  will  change  to  a  liquid  and  even  a  gas.  Theoretically,  then, 
it  is  possible  to  make  all  substances  assume  these  three  condi- 
tions if  only  they  can  be  subjected  to  the  correct  combination  of 
heat  and  pressure.  Thus,  this  was  the  problem  that  had  to  be 
solved  in  the  liquefaction  of  air  from  the  gaseous  state  as  it  was 
also  the  problem  for  solution  in  tlie  liquefaction  of  111310  from 
the  solid  condition. 

Considered  from  our  present  standpoint,  however,  the  press- 
ure factor  may  be  disregarded  and  the  application  of  heat  under 
ordinarily  obtainingi  atmospheric  pressures  taken  as  the  all- 
important  condition.  In  clays,  none  but  solid  substances  are 
dealt  with  so  far  as  fusibility  is  concerned,  and  it  is  always  at 
temperatures  above  tlie  ordinary  that  fusion  occurs.  There  is 
also  another  limiting  factor  which  should  be  mentioned  in  con- 
sidering the  fusion  of  solids  in  general.     That  is,  the  tendency 
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of  many  compounds  to  deeompoee  before  reaching  the  point  of 
fusion.  This  tendency  is  often  so  pironounced  that  it  is  impos- 
sible to  reduce  many  minerals  to  the  liquid  state  by  the  appli- 
cation of  heat  alone.  This  is  especially  true  of  those  compounds 
which  consist  of  a  basic  oxid  in  combination  with  a  gaseous  ele- 
ment or  radical  and  all  mdnerals  that  hold  water  in  a  state  of 
chemical  combination.  On  heating,  these  break  up,  giving  off 
the  gaseous  components  before  fusion  occurs. 

Clays  are  not  of  definite  chemical  composition.  They  are 
made  of  a  mixture  of  minerals,  each  definitely  composed  and 
possessing  a  fairly  well  markted  melting  point  of  its  own.  The 
proportions  of  these  ingredients  vary,  no  two  clays  having 
exactly  the  same  constitution.  When  such  a  noixture  is  sub- 
jected to  a  rising  temperature,  it  is  evident  that  the  changes 
which  take  place  are  different  from)  those  noted  in  the  case  of 
a  sinaple  mineral,  viz.,  the  transition,  at  a  certam  temperature, 
froml  solid  to  liquid.  This  could  not  be  true  of  any  aggregation 
of  minerals  in  which  no  two,  perhaps,  possess  the  same  melting 
point.  As  the  temperature  is  raised,  the  fusion  points  of  the 
several  minerals  in  the  clay  are  successively  reached  and  they 
melt,  in  contact  with  all  surrounding  particles  of  different  com- 
lK>8ition  and'  more  refractory  nature.  As  a  result,  this  liquid, 
which  we  may  now  think  of  as  existing  in,  and  partially  filling 
the  pores  of  the  clay,  begins  to  attack  and  combine  with  the  still 
unfused  portions.  Most  amenable  to  attack,  of  course,  would 
be  those  substances  next  in  order  of  fusibility  which,  being 
brought  into  chemical  combination,  would  no  longer  possess  an 
individual  melting  point,  but  succumb  to  the  effects  of  the  heat 

4 

at  a  lower  temperature.  This  action  proceeds  as  one  after 
another  of  the  clay  constituents  is  brought  into  fusion  until 
finally  the  whole  clay  is  reduced  to  the  molten  condition. 

It  will  be  noticed  that  the  process  of  fusion  is  one  based  upon 
familiar  chemical  laws.     It  is  well  known  that  chemical  action 
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rarely  takes  place  between  solids,  no  matter  how  finely  ground 
and  well  mixed  or  how  intimately  in  contact  thev  may  be.  If 
one  of  the  reacting  substances  is  a  liquid,  or  a  gas,  chemical 
combination  is  greatly  fayored.  If  they  are  both  liquids,  e.  g., 
in  solution,  or  both  gases,  reaction  proceeds  most  expeditiously. 
So  long  as  the  ingredients  of  a  clay  remain  as  solids,  chemical 
action  among  them  is  slight,  although  heated  to  eleyated  tem- 
l)ieratures.  As  soon,  however,  as  melting  of  any  ingredient  takes 
place,  chemism  between  this  liquid  and  the  solid  components 
with  which  it  is  in  contact  becomes  much  stronger  and  the  action 
following  is  that  of  a  liquid  attacking  a  solid. 

The  natural  law  governing  chemical  action  among  substances 
in  different  physical  states  is  not  an  inflexible  one,  nor  one  to 
which  tliere  are  no  exceptions.  It  is  not  to  be  considered  that  in 
:i  mixture  of  minerals  such  as  compose  comonon  impure  clays,  no 
chemical  effects  are  brought  a;bout  between  tlie  fluxing  constitu- 
ents and  the  clay  base  until  the  melting  points  of  each  of  the 
fluxes  is  reached.  That  is,  it  is  not  necessary  that  actual  fusion 
overtake  each  fluxing  ingi^edient  before  it  exerts  any  diemical 
influence  on  its  neighbors.  It  is  known  that  some  of  the  most 
common  of  fluxes,  as  lime  and  magnesia,  are,  when  heated  alone, 
infusible  at  all  temperatures  short  of  the  oxy-hydrogen  flaine 
or  the  electric  arc.  Yet,  when  heated  in  contact  with  silica  and 
alumina  silicates  to  tem|peratures  ordinarily  attained  in  common 
kiln  practice,  they  become  very  active  fluxes.  They  must  be 
locked  upon  as  i>ossessing  caustic  properties  at  these  compara- 
tively slightly  elevated  temperatures  which  enable  them  to 
I'eact  in  tlie  solid  fonn.  They  commonly  occur  in  clays  in  com- 
bination with  other  elements  which  at  high  heats  are  driven  off 
as  gases.  The  loss  of  the  latter  may  leave  the  base  in  a  more  or 
less  nascent  state  in  which  it  is  miore  susceptible  to  chemical 
union  than  it  no-nnally  would  be. 
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In  the  fusion  of  elementary  substances  or  simple  mineral  conih- 
pounds,  the  heat  necessary  to  effect  the  change  is  utilized  entirely 
in  bringing  the  temperature  of  the  substance  to  its  fusion  point 
and,  at  this  temperature,  in  converting  it  to  the  liquid  condition. 
The  temperatures  of  fusion  for  the  elements  and  for  many  com- 
pounds are  fixed  and  invariable.  As  a  rule,  when  the  melting 
point  of  a  substance  is  reached,  the  temperature  does  not  rise 
with  further  application  of  heat  but  remains  stationary  till  all 
of  the  solid  has  assumed  the  liquid  forml  It  is  evident^  since 
heat  is  continually  supplied  and  the  temperature  of  the  body 
does  not  rise,  that  tliere  must  be  a  oonsumption  of  heat  due  to  the 
change  which  is  taking  place.  It  is  found  that  this  is  true  and 
for  every  substance  of  definite  molecular  proportions  that  can 
be  made  to  change  its  state,  the  amount  of  heat  consumed  in  tliis 
change  is  always  the  same  for  the  same  amount  of  the  substance. 
The  heat  units  thus  stored  up  are  not  again  freed  so  that  they 
are  evident  to  the  senses  until  the  liquid  returns  to  the  solid 
form.  This  so-called  ** latent  heat''  is  an  important  constant  both 
in  the  determination  and  economic  application  of  many  chemical 
compounds. 

If  an  aggregation  of  minerals  is  heated)  to  fusion,  the  heat 
applied  will  be  used  up  by  tlie  absorption  of  each  component  till 
its  fusion  point  is  reached ;  by  their  absorption  of  latent  heat  in 
fusion.  Further  than  the  mere  consumption  of  heat  due  to  melt- 
ing, there  are,  where  a  number  of  elements  are  fused  together, 
additional  heat  units  recpired  to  supply  the  necessary  energy 
for  chemical  union.  A  clay  fused  to  a  more  or  less  homogeneous 
glass  is  looked  upon  as  a  chemical  compound  formed  by  the 
combination  of  the  sei>airate  elements  of  the  raw  material. 
Thermo-chemical  study  has  shown  that  all  chemical  reactions 
involve  the  consumption  or  evolution  of  certain  amounts  of  heat. 
For  given  proix>rtions  of  tbe  elements  required  to  complete  a 
reaction,  the  heat  evolved  or  consumed  is  always    the    same. 
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Those  reactions  which  consume  heat  are  known  as  endothennic 
reactions  and  continual  addition  of  heat  from  an  outside  source 
is  requisite  to  their  propagation.  Rea<5tions  in  which  heat  is 
evolved  are  said  to  be  exothermic,  and  wlien  once  started  con- 
tinue  by  their  own  thermal  generation.  A  common  example  of 
the  latter  is  the  combustion  of  coal  in  which  heat  is  generated 
by  the  union  of  the  carbon  of  the  coal  and  the  oxygen  of  the  air. 

The  former  class  of  reactions,  those  in  which  the  consumption 
of  fuel  is  necessary  to  carry  them  on,  is  very  commonly  exempli- 
fied in  the  metallurgical  industries  and,  of  the  chemical  reac- 
tions which  occur  in  the  fusion  of  clays,  it  may  be  said  they  are 
all,  as  far  as  is  known,  endothermic.  Here,  then,  as  was  inti- 
mated in  the  last  paragraph,  is  another  factor  in  the  consmnp- 
tion  of  the  heat  applied  in  burning  clays  to  vitrification.  It  is 
bound  up  irretrievably  in  the  different  compounds  that  are 
formed  among  the  clay  minerals.  A  clay  thus  brought  into  the 
fused  condition  has  absorbed  a  considerable  amount  of  heat  in  the 
ways  indicated.  After  cooling,  if  the  vitrified  msi89  be  again  sub- 
jected to  the  heat  required  td  melt  it,  it  will  be  found  that  it  will 
not  only  take  actually  fewer  heat  units  to  bring  it  to  a  similar  state 
of  fusion  but  that  it  will  fuse  at  a  slightly  lower  temperature. 
The  reason  for  this  is  obvious  from  the  facts  that  no  heat  units 
are  necessary  to  bring  about  chemical  combination  and,  having 
once  been  melted,  it'  is  more  nearly  homogeneous  in  all  its  parts 
and  will  therefore  respond  more  readily,  due  to  its  better  con- 
ductivity. 

Summing  up  briefly  the  preliminary  statements  thus  far  made 
regarding  the  principles  upon  which  the  fusion  of  mineral  sub- 
stances depends,  we  have : 

Elements,  or  compounds  of  definite  comix>sition,  will,  when 
heated,  change  to  the  liquid  state  at  temfperatures  which  under 
standard  conditions  are  essentially  fixed. 
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In  passing  from  solid  to  liquid  condition,  heat  units  are 
absorbed  at  the  temperature  of  fusion,  which  do  not  raise  the 
temperature  of  the  melting  material.  The  amount  of  latent  heat 
thus  bound  up  is  always  the  same  for  the  same  mass  of  a  given 
substance. 

The  fusion  of  a  mixture  of  elements  or  compouoids,  e»^ich  of 
which  has  a  fairly  definite  melting  point  and  latent  heat  of  its 
own,  is  brought  about  by  chemical  reactions  among  the  ingredi- 
ents of  the  mixture  by  which  the  latter  is  reduced  to  a  homo- 
geneous mass. 

The  heat  necessary  to  effect  the  fusion  of  a  mineral  mixture 
such  as  a  clay,  is  utilized  in  the  following  ways:  (a)  in  raising 
the  temperature  of  each  component  to  its  fusion  point— the 
amount  varying  with  the  specific  heat;  (b)  as  latent  heat,  in 
converting  the  fusible  constituents  to  the  liquid  form;  (c)  in 
bringing  about  chemical  union  among  the  several  ingredients 
of  the  clay. 

ErFEOT  OF  CHEMICAL  COMPOSITION  ON  FU8IBIUTY. 

Clays  are  composed  essentially  of  the  hydrous  alumina  sili- 
cate, kaolinite,  having  the  formula,  AI2O3,  2Si02,  2H2O.  As 
accessories,  there  commonly  occur  compounds  of  the  alkalies, 
soda  and  potash ;  of  the  alkaline  earths,  lime  and  ina^esia ;  and 
of  iron  compounds.  Small  amounts  of  some  of  the  less  common 
minerals  occasionally  occur.  Some  clays  carry  small  propor- 
tions of  manganese,  titaniumi  and  even  phosphorus,  but  these 
are  seldomi  present  in  suflScient  quantity  to  be  of  importance  in 
any  way. 

In  the  present  discussion  on  the  fusibility  of  clays,  only  the 
common  fluxes  enumerated  above  will  be  taken  into  considera- 
tion. In  fact,  chemists,  in  the  analysis  of  clays,  seldom  deter- 
mine other  than  the  ones  mentioned,  unless  for  some  special  pur- 
pose. It  will  be  necessary  to  consider  the  fluxes  only  as  they  act 
in  rendering  a  clay  fusible.    That  is,  since  iron,  for  instance,  is 
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al¥?ays  considered  as  entering  into  silicate  combination  in  the 
ferrous  condition,  no  matter  in  what  form  it  is  found  in  the  raw 
clay,  its  fluxing  power  will'  be  considered  as.  due  to  the  action  of 
the  ferrous  oxid,  FeO.  Likewise,  lime  enters  into  combination 
as  CaO;  magnesium  as  MgO,  soaiunn  as  Na^O,  and  potassium 
as  K2O. 

As  a  general  statement,  it  may  be  said  that  the  higher  the  pro- 
portion of  these  fluxes  in  a  clay,  the  lower  the  temperature 
required  to  melt  the  clay.  That  is  to  say,  the  farther  its  com- 
position varies  from  that  of  pure  kaolinite,  due  to  the  presence 
of  these  impurities,  the  more  fusible  will  it  be.  If  this  varia- 
tion is  due  to  one  or  several  fluxes,  the  fusbility  is  always 
increased  but  the  ability  of  the  different  impurities  to  exert  a 
fluxing  influence  is  different.  It  requires  more  of  one  than  of 
another  to  bring  about  the  same  degree  of  fusibility.  The  tem- 
peratures, likewise,  at  which  they  become  active  vary  through  a 
considerable  range. 

Until  1868,  little  was  known  concerning  the  relative  im(por- 
tance  of  fluxes  in  effecting  the  fusion  of  clays.  In  this  year,  Richt- 
ers,  a  German,  fonnulated  the  results  of  a  protracted  series  of 
experiments  into  three  laws,  as  follows: 

(1)  The  refractory  quality  of  a  clay  of  any  given  proportion 
of  silica  and  alumina  is  most  influenced  by  the  fluxes,  in  the  fol- 
lowing order:   MgO,  CaO,  FeO,  Na20,  KgO. 

(2)  Chemically  equivalent  quantities  of  these  oxids  exert 
equal  influences  on  the  refractoriness  of  a  given  clay.  That  is, 
40  parts  of  magnesia,  56  parts  of  lime,  72  parts  of  ferrous  oxid, 
62  of  soda,  92  parts  of  potash,  will  each  produce  an  equal  degree 
of  fusion  in  tlie  same  quantitj^  of  tlie  same  clay. 

(3)  If  ai  number  of  fluxes  are  present  in  a  clay,  the  fusibility 
produced  will  be  proportional  to  the  sum  of  their  chemical  equiv- 
alents. For  example,  a  clay  with  the  formula,  Jscio*  Ai,Oa,2SiOT 
should!  fuse  at  the  same  temperature  as  one  of  the  composition. 
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.ICaOL  Al.O,,  2SiO,. 
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More  recent  investigators  have  tested  the  truth  of  these  laws 
and  have  found  them  to  be  a  good  working  basis  for  studying  the 
refractoriness  of  clays.  In  the  establishment  of  the  laws,  Richt- 
ere  made  use  of  mixtures  of  silica  and  alumina  to  which  he  added 
certain  known  proportions  of  the  fluxes.  The  action  under  heat 
of  these  mixtures  was  noted  first,  by  using  silica  and  alumina  in 
the  proportion  in  kaolinite.  Second,  he  added  a  higher  content 
of  silica)  than  is  found  in  kaolinite  and  made  a  similar  set  of 
observations. 

It  is  known  that  silica  and  alumina  in  kaolinite  proportion 
(102  :  120)  have  a  melting  point  of  approximately  1830°  C,  cone 
35  of  Seger's  scale.  ^\Tien  silica  is  added  to  this  in  increasing 
pToportioiis  the  fusion  ]X)int  is  lowered  uaitil  the  ratio  ALOg, 
ITSiOa  (1  :  10)  is  reached.  Beyond  this,  which  fuses  at  Seger 
cone  26,  or  about  1650"^,  the  mixture  beoomies  more  refractorj'^ 
with  increase  of  SiOa-  We  see  that  silica  in  this  instance  acts 
as  a  flux  to  alumina,  and  in  all  high  grade  clays  an  excess  of 
silica  is  always  detrimental  to  the  refractory  qualities  of  the 
clay.  Further,  the  presence  of  silica  in  a  clay  mixture  along 
with  the  other  fluxes  has  a  modifying  effect  on  the  action  of  the 
more  fusible  ones,  in  general,  accelerating  their  action. 

More  complete  experimentation  has  shown  that  where  free 
silica  exists  the  order  of  fluxing  power  of  the  oxids  is  somewhat 
altered.  Dr.  Cramer  of  Berlin  published  in  1895*  an  investiga- 
tion of  Richters'  laws  in  which  he  announced  their  verification 
as  far  as  their  effect  on  kaolinite  is  concerned.  In  the  presence 
of  free  SiOj,  however,  tlie  order  of  fluxing  power  he  found  to  be 
as  follows:  FeO,  MgO,  CaO,  Na^O,  KgO.  That  is  to  say,  in  a 
clay  containing  free  SiOg,  chemically  equivalent  quantities  of 
the  flux^  do  not  produce  equivalent  effects,  72  parts  of  ferrous 

•Thon  Industrie  Zeltung;  1805,  Noe.  iXhil. 
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oxid  being  able  now  to  do  more  work  than  40  parts  ^15gO,  56  of 
CaO  and  so  on,  as  enunciated  in  Richters'  second  law^. 

It  must  be  understood  that  these  laws  hold  good  only  when  the 
fluxes  are  enabled  to  exert  their  maximum  effect  The  tempera- 
ture must  be  suflSciently  elevated  that  they  all  come  into  full 
play.  That  is,  while  one  m|ay  begin  work  at  one  temperature, 
others  will  require  cons-iderable  higher  heat  before  they  come  into 
action,  but  this  latter  temperature  at  least  is  necessary  in  order 
that  they  may  produce  effects  in  accordance  with  the  laws  of 
Richters  and  Cramer.  The  clay  must  be  brought  into  a  state 
of  actual  glassy  fusion.  These  laws  apply,  then,  only  on  the  com!- 
plete  melting  of  a  clay  body  and  would  not  be  true  for  the  action 
of  fluxes  as  clays  are  ordinarily  burned  in  the  kiln  nor  would 
they  be  any  more  than  very  generally  approximately  true  in 
the  vitrification  of  clays. 

From  this  brief  consideration  of  the  effects  of  fluxes  in  the 
fusion  of  clays,  it  may  be  seen  that  the  higjier  in  clay  substance 
a  day  is,  i.  e.  the  more  aluminous,  the  more  refractory  it  will 
be.  Also,  in  a  clay  with  a  low  percentage  of  fluxes,  additions 
of  silica  lower  its  refractoriness.  But  a  clay  already  high 
in  fluxes  will  be  rendered  less  fusible  by  increasing  the  silica 
content. 

EFFECT  OF  PHYSICAL  CONDITION  ON  FUSIBILITY. 

The  two  most  imiportant  conditions  which  influence  the  fusi- 
bility of  any  composite  substance  are  homogeneity  and  the  char- 
acter of  grain.  If  it  is  a  mixture,  the  particles  of  each  compon- 
ent must  be  uniformily  distributed  so  that  each  part  of  the  whole 
will  be  like  every  other  part,  in  ordter  that  the  mass  will  respond 
best  to  the  action  of  heat.  It  is  well  known  that  clays  as  found 
in  nature  are  seldom  homogeneous,  but  the  constituent  minerals 
are  more  or  less  segregated  and  separate  from  each  other.    In 

testing  clays  for  fusibility,  it  is  necessary  to  reduce  them  to  a 

♦ 

condition  of  as  great  homogeneity  as  possible. 
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The  fineness  of  the  constiuent  grains  of  a  clay  is  known  to 
influence  its  fusibility.  If  the  particles  are  finely  divided  they 
are  able  to  coinja  more  intimately  in  contact  with  each  other, 
leaving  smaller  openings  or  pore  epaces  across  which  heat  must 
be  transmitted  from  one  to  another.  For  this  reason  the  heat 
is  propagated  rapidly  and  distributed  more  uniformly  through 
the  heating  body  than  when  the  particles  are  larger,  hence  in 
contact  at  fewer  points,  and  have  larger  interstices  between 
them.  This  is  known  to  be  true  for  all  of  tlie  lower  grades  of  clay, 
or  those  which  would  not  be  classed  as  fire  days.  Hoffman*  has 
shown  that  for  fire  clays  (clays  melting  above  cone  26,  about 
1650"^  C.)the  character  of  the  grain  haa  substantially  no  influ- 
ence  on  the  fusibility  of  the  clay.  Aside  from  mere  fineness,  the 
shape  and  range  of  ^ize  of  particles  have  a  controlling  influence. 
It  is  impossible  for  rounded  grains  to  as  completely  fill  in  space 
as  angular  ones.  A  range  of  size  is  also  advantageous  to  fusion. 
The  smaller  granules  fill  in,  so  to  speak,  the  interstices  between 
the  larger  ones,  which  makes  tlie  clay  denser  and  hence  a  better 
conductor. 

Physically,  therefore,  the  finer  and  injore  angular  the  particles, 
the  more  favorable  is  the  structure  to  fusion  of  the  clay.  A 
range  of  sizes  still  smaller  than  the  maximum  sized  particles  is 
also  conducive  to  the  easiest  fusion  of  the  clay. 

METHODS  OV  BXPRB8SINQ  FUSIBILITY. 

With  a  knowledge  of  the  relative  values  of  the  several  com- 
mon fluxes  in  clays  in  influencing  fusibility,  investigators  have 
undertaken  to  express  comparative  fusibilities  by  means  of  the 
relation  of  the  fluxes  to  the  refractory  elements  of  the  clay. 

Bischof,  a  German  scientist,  has  developed  such  an  expression 
which  he  calls  the  *  *  Feuerf  estigskeit  Quotient  "f.  It  is  as 
follows  : 

F    Q    -  (Oxygen  in  AUO,)» .  u:   u 

^'        (Oxygen  in   RO)  (Oxygen  in  SiO.)    '  ^°   ^^^^" 


•  Am.  Institute  of  Mln.  Bng.  Vol.  XXVIII.  p.  440. 
t  Die  Feaerfesten  Thone.  Dr.  Carl  Blahof,  p.  lie. 
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EO  represents  the  sum  of  the  fluxes,  each  considered  as  the 
protcxid.  Tliis  will  give  numerical  results  ranging  from  a  very 
small  deciraial  to  as  high  as  25. 

It  is  seen  according  to  this  formula  that  the  fusibility  of  clays 
varies  directly  as  the  square  of  the  oxygen  in  the  alumina  and 
inversely  as  the  oxygen  in  the  silica  and  the  fluxes.  Bischof 's 
observations  led  him  to  the  conclusion  that  the  amount  of  alum- 
ina in  the  clay  practically  determined  its  fusibility.  In  regard 
to  the  adequacy  of  this  formula  for  expressing  fusibility, 
AVheeler*  states: 

**(1)  That  while  an  increase  in  the  percentage  of  alumina 
decreases  the  fusibility,  when  it  becomes  very  high  it  acts  the 
part  of  an  acid  instead  of  a  base  and  tends  to  lower  the  fusing 
point  instead  of  raising  it,  which  is  just  the  reverse  of  Bischof  ^s 
formula,  when  this  point  is  reached ;  neither  does  the  fusibility 
decrease  when  the  alumina  is  in  moderate  amounts,  at  the  rapid 
rate  of  the  square  of  the  alumina;  (2)  when  the  silica  is  present 
in  amounts  greater  than  a  mono-silicate  (which  is  always  the 
case  with  clays),  the  fusibility  decreases  as  the  silica  increases, 
which  is  just  the  reverse  of  Bischof's  formula;  yet  this  is  one 
of  the  best  and  most  conclusively  established  facts  in  metal- 
lurgy; (3)  as  a  broad  rule,  the  fusibility  increases  as  the  bases 
increase,  at  least  to  the  extent  that  the^  occur  in  clays ;  but  there 
is  a  very  great  range  in  the  fusibility  according  to  the  bases  that 
are  present.  The  alkalies  are  more  readily  fusible  than  the  fer- 
rous oxid,  which  latter  is  more  fusible  than  lime,  and  lune  more 
fusible  than  magnesia.  Again  a  mixture  of  bases  is  more  fusi- 
ble than  a  single  base,  and  the  greater  the  number  of  bases  the 
greater  the  fusibility.  Bischof's  formula,  however,  pays  no 
attention  to  the  bases  present,  or  how  many,  though  usually 
lime,  iron,  magnesia  and  the  alkalies  are  present  in  all  clays  to 
some  extent.    As  the  above  experience  of  the  metallurgist  with 

*  Mlnouri  Qeologleal  Snnrvy,  Vol.  XI,  p.  146. 
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slags  covers  a  very  wide  range  of  silicates,  though  they  are  more 
basic,  less  aluminous  and  less  silicious  than  clays,  it  at  least 
throws  very  grave  doubts  upon  the  reliability  of  Bischof 's  for- 
mula, ' ' 

Again  on  page  148 : 

*'The  unreliability  of  Bischof 's  formula  arises  partly  from  its 
faulty  construction,  partly  from  the  faulty  weighing  of  the  detri- 
mental constituents,  and  partly  from  ignoring  the  physical  fac- 
tors. The  latter  fault  is  very  serious,  if  clays  differ  much  in  den- 
sity or  fineness,  but  when  these  physical  properties  are  similar, 
then  it  is  possible  to  compare  the  fusibility  of  two  clays  solely 
froml  the  analysis,  if  the  proper  valuations  are  given  to  the  con- 
stituents. ' ' 

Dr.  Soger,  one  of  Bischof  s  contemporaries,  devised  as  a  sub- 
stitute for  Bischof 's  formula: 

^'  ~  RO  X  SiO,  "•"    RO    • 

This  has  proved  somewhat  of  an  improvement  over  Bischof 's, 

but  neither  take  into  account  the  factors  porosity  and  fineness 
and  character  of  grain.  These  formulae  assume  that  the  physical 

structure  has  no  influence  on  fusibility,  which  is  known  not  to 
be  the  case.  They  are  based'  entirely  upon  chemical  considerar 
tions  and  are  of  use  only  with  clays  of  similar  physical  condi- 
tion. The  more  nearly  pure  the  clay  is,  the  more  accurate  would 
these  expressions  be,  for,  as  shown  by  Hoffman,  the  size  of  grain 
in  refrectory  daysi  has  practically  no  effect  on  their  fusibility. 
It  has  been  repeatedly  demonstrated  that  these  formulae  fur- 
nish the  least  reliable  inform^.tion  with  the  most  impure  clays. 
Wheeler,  in  his  report  on  the  Clays  of  Missouri  referred  to 
above,  page  149,  expresses  a  relation  between  the  detrimental 
and  non-detrimental  constituents  of  clays  which  he  calls  the 
fusibility  factor. 

p   F  =.        N 
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N  in  this  expression  represents  the  sum  of  total  silica,  alum- 
ina, titania,  water  and  carbonic  acid.  D  is  the  total  fluxes:  the 
alkalies,  iron  oxid,  lime  and  magnesia.  Jy  represents  the  sum 
of  the  alkalis. 

Wheeler  in  this  formula  does  not  discriminate  between  free 
and  combined  silica  and  assumes  that  silica  in  the  free  state  does 
not  act  as  a  flux.  The  alkalis  are  added  twice  as  they  are  esti- 
mated by  him  to  have  double  the  fluxing  value  of  the  other  oxids. 
The  formula  as  written  above  will  give  numerical  values  which 
represent  the  relative  fusibility  of  clays  that  are  physically 
alike,  i.  .e.,  have  the  same  specific  gravity  and  fineness  of  grain. 
If  clays  under  consideration  differ  in  those  properties,  the,  for- 
mula is  to  be  modified  as  follows: 

N 
F.  F.  ==     j^   .   j^,   I    ^  ,  C  having  these  values: 

C=l  when  clay  is  coarse-grained  and  specific  gravity  exceeds  2.25. 

C^2  when  clay  is  coarse-grained  and  specific  gravity  ranges  from  2  to  2.25. 

C=3  when  clay  is  coarse-grained  and  specific  gravity  ranges  from  1.75  to  2.00. 

C=2  when  clay  is  fine-grained  and  specific  gravity  is  over  2.25. 

C=3  when  clay  is  fine-grained  and  specific  gravity  is  from  2  to  2.25. 

C=4  when  clay  is  fine-grained  and  specific  gravity  is  from  1.75  to  2.25. 

In  offering  a  formula  of  this  nature,  the  author  of  it  is 
certainly  progressing  in  the  right  direction  by  taking  into  con- 
sideration the  physical  character  of  tlie  clay.  The  values  are 
not  specific  and  it  is  obvious  that  they  can  not  be  until  some 
accurate  method  of  designating  degrees  of  fineness  of  grain  is 
obtained.  The  specific  gravities  given  are  not  based  on  the  min- 
eral constituents  of  the  clay  alone.  While  they  represent  the 
specific  gravity  of  the  clay  as  a  body  consisting  of  mineral  par- 
ticles and  pore  spaces  and  may  serve  the  purpose  of  use  in  this 
formula,  they  are  not  the  true  specific  gravity  of  the  rock  which 
is  always  determined  by  the  minerals  composing  it. 

The  foregoing  are  examples  of  the  chemical  n!i?thods  of 
expressing  fusibility.  These  are  not  yet  sufficiently  refined  to  be 
of  much  practical  value.    It  is  the  opinion  of  the  writers  that  fur- 
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ther  development  of  these  methods  may  come  from  study  of  the 
rational  composition  of  clays,  along  with  a  knowledge  of  their 
mechanical  composition.  It  is  believed  that  mechanical  analysis 
and  the  chemical  determination  of  the  mineral  constitution  of 
clays  are  to  play  a  miore  important  role  in  studying  their  be- 
havior under  heat  than  heretofore.  From  these  phases  of  inves- 
tigation, light  may  not  only  be  thrown  upon  the  action  of  clays 
in  fusing  but  many  of  the  phenomena  of  ordinary  burning  may 
be  better  understood. 

METHODS  or  MBA.SURING  FUSIBILITY. 

The  means  of  measuring  fusibility  may  be  classified  as  indi- 
rect and  direct.  In  the  first,  the  measurement  depends  on  deter- 
mining, or  estimating,  tRe  degrees  of  temperature  required  to 
fuse  a  given  clay.  The  latter  amounts  to  a  comparison  of  the 
ability  of  different  clays  to  withstand  the  effects  of  rising  tem- 
perature. Of  the  indirect  methods,  those  of  Bischof  and  Hoffman 
will  be  briefly  reviewed.  Bischof  made  use  of  the  Ger- 
man Saarau  fire  clay  whidi  fuses  at  Seger  cone  36, 
or  about  1850"^  C,  as  a  standard  of  comparison.  A 
weighed  amount  of  the  clay  to  be  tested  was  then  toned  up 
with  increasing  quantities  of  a  mixture  of  equal  parts  of  pure 
silica  and  alumina.  It  was  then  formed  into  small  prisms  and 
heated  with  a  prism  of  the  Saarau  clay.  The  temperature  used  by 
Bischof  was  slightly  above  that  of  the  melting  point  of  wrought 
iron.  The  prism-  of  the  clay  thus  toned  up  which  behaved  in  the  fire 
as  the  standard  prism^  was:  the  one  which  furnished  the  index  of 
the  fusibility  of  the  clay.  That  is,  although  neither  of  the  clays 
actually  fuse,  their  similarity  of  behavior  gives  an  approximate 
idea  of  the  refractory  quality  of  the  clay  tested. 

Bischof  used  this  method  largely  for  testing  only  very  refrac- 
tory clays.  In  testing  those  that  are  not  highly  refractory  but 
still  not  sufficiently  fusible  to  be  readily  melted  in  the  gas  fur- 
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nace,  Hoflfman*  has  followed  the  same  principle  of  toning  up 
with  refractory  ingredients  but  has  assumed  as  the  standard 
instead  of  the  Saarau  clay,  Seger  cone  26,  fusing  at  1650°  C. 
This  cone  is  arbitrarily  employed  as  the  dividing  line  between 
refractory  or  fire  clays  and  non-refractory  clays.  The  reason 
for  assuming  cone  26  as  the  standard  was  that  such  high  tem- 
peratures would  not  be  needed  and  that  it  would  be  of  more  inter- 
est and  value  to  determine  how  far  a  non-refractory  clay  was 
below  the  refractory  class  than  to  find  out  how  m|uch  negative 
flux  would  have  to  be  added  to  it  to  bring  it  up  to  the  cone  36 
standard. 

Instead  of  making  into  the  form  of  prisms,  Hoffman  molded 
the  toned  samples  into  sma.ll  cones  or  pyramids  the  size  of  the 
Seger  cone.  These  were  heated  with  cone  26  in  a  Deville  fur- 
nace until  the  latter  fused.  The  mixture  of  clay  and  flux  show- 
ing the  same  degree  of  fusion  as  cone  26  is  taken  as  the  critical 
mixture  and  the  amount  of  flux  required  is  the  index  of  fusi- 
bility. 

As  stated  above,  the  direct  method  consists  of  actual  meas- 
urement of  the  degrees  of  heat  required  to  melt  a  given  clay. 
This  is  accomplished  by  two  fairly  distinct  means,  viz.,  the 
pyrometer  and  the  Seger  cone. 

There  are  several  types  of  instrumental  pyrometers  on  the 
market  which  are  capable  of  giving  fairly  accurate  results  within 
certain  limits.  Among  these  may  be  mentioned  the  optical 
pyrometer,  whose  use  depjend's  on  the  analysis  of  the  light  emit- 
ted from;  a  heated  object  by  means  of  two  Nicol  prisms  between 
which  is  a  thin  quartz  plate;  Siemen's  water  pyrometer,  which 
works  on  the  principle  of  the  water  calorimeter,  the  temjperature 
of  any  heated  space  being  determined  by  immersing  a  small 
metal  cylinder,  drawn  from  the  temperature  to  be  measured,  in 
a  vessel  of  water  and  noting  the  rise  in  temperature  of  the  water. 

*Am.  Inst.  Mln.  Eng.,  Vol.  XXVIII,  p.  486. 


FINENESS  OF   GRAIN.  139 

These,  I  believe,  are  not  used  to  any  extent  in  the  clay  industries. 

The  Wedgewood  pyrometer  which  depended  upon  the  expansion 
of  bars  of  clay  when  heated  is  no  longer  considered^  sufficiently 
accurate  and  has  practically  gone  into  disuse.  Pyrometers  de- 
pending on  the  difference  of  coefficient  of  expansion  of  two  met- 
als are  also  manufactured,  but  thev  are  short  lived  because  of 
the  susceptibility  of  most  common  mjetals  to  the  attack  of  hot 
gases  or  liquids  which  corrodes  them  and  alters  their  properties. 

The  electric  pyrometer  is  used  in  many  establishments  manu- 
facturing the  higher  grades  of  clay  wares  for  controlling  the  heat 
of  the  kilns  and  it  is  coming  into  somewhat  general  application 
in  all  the  metallurgical  industries  where  it  is  necessary  to  con- 
trol the  temperature  of  any  process.  The  common  form  of  the 
instrument  consists  of  a  thermopile  and  galvanomleter.  Its  oper- 
ation depends  on  the  measurement  of  the  light  electric  current 
generated  by  heating  the  union  of  two  wires  of  slightly  differ- 
ent chemdcal  composition.  The  metals  commonly  employed  are 
platinum  and  rhodium,  as  they  are  non-corrosive  and  their  fus- 
ing points  are  very  high. 

The  Le  Chatelier  pyrometer  is  the  best  example  of  the  electric 
type.  It  consists  of  a  thermo-element,  the  wires-  being  about  four 
feet  long,  one  of  which  is  pure  platinum  and  the  other  an  alloy 
of  platinum  with  ten  per  cent  of  rhodium.  One  of  these  is  en- 
cased in  a  small  porcelain  tube  so  that  the  two  are  kept  separate. 
A  large  porcelain  tube  closed  at  the  furnace  end  surrounds  all, 
thus  protecting  the  wires  completely  from-  contact  with  the 
medium  whose  temperature  is  to  Ixj  measured.  A  galvanometer 
of  the  D'Arsonval  pattern  registers  the  current  in  milli-volts 
and  is  also  graduated  to  read  degrees  Centigrade.  This  instru- 
ment is  made  accurate  to  1600°  C.  With  this  device  a  temper- 
ature curve  can  be  drawn  for  each  bum  by  recording  at  intervals 
the  readings  of  the  pyrometer.  Some  firm.s  also  furnish  recording 
devices  by  which  a  continuous  curve  may  be  traced  on  a  rotating 
cvlinder. 
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Alloys  of  the  precious  metals  silver,  gold  and  platinum  and, 
even  the  metals  themselves  all  of  whose  melting  points  are 
known,  have  been  made  use  of  to  some  extent  as  indicators  of 
tenuperature  in  different  branches  of  the  ceramic  industries. 
They  are  not  only  extraordinarily  expensive  but  the  range  of 
temiperature  which  it  is  possible  to  control  with  them  is  of  nec- 
essity small,  hence  they  are  not  fitted  for  practical  use  in  any 
large  way. 

Experimentation  along  this  same  line  of  producing  mixtures 
of  known  fusion  points  led  to  the  invention  by  Dr.  Seger*  of  his 
pyrometrio  cones  which  have  in  recent  years  attained  a  wide  use 
in  all  lines  of  clay  working.  These  cones,  or  better  called  pyra- 
mids, or  tetrahedra  (for  they  are  triangular  pyramids  with  flat 
bases),  are  made  from  the  raw  mineral  ingredients,  feldspar,  cal- 
cium carbonate,  iron  oxid,  quartz  and  kaolin.  In  other  words, 
from  the  «ame  substances  of  which  clays  themlselves  are  largely 
compcsed-  The  cones  are  small,  two  to  two  and  one-half  inches 
high  and  since  they  are  very  similar  in  composition  to  clays, 
will  when  heated  undergo  exactly  the  same  changes.  The  appli- 
cation of  these  mixtures  to  the  determination  of  clay  burning 
temperatures  means  simply  the  use  of  a  small  amount  of  clay 
whose  melting  point  is  known,  instead  of  some  metal  or  alloy. 

In  composition,  the  cone  series  begins  with  AlgOg,  l.SSiOg,  the 
most  refractory  mixture.  The  cones  were  originally  numbered 
from  36,  which  has  the  above  composition,  down  to  1,  with  the 

composition  jyciolisAt'o'}  *^^^«    with  a  gradually  increasing 

proportion  of  fluxes  between  these  limitfe.  Somfe  time  after  their 
invention,  Dr.  Cramer  extended  this  series  by  adding  a  miore  fusi- 
ble series  and  numbered  them  from  one  downward  by  prefixing  a 
cipher  to  each  number.  Thus  the  complete  series  at  present  num- 
bers from  36  to  1  and  from'  01  to  022,  the  last  being  the  most  f usi- 

*  ▲  discnasion  of  the  development  of  the  Seger  cone  aeries  may  be  found  In  the  Americttn 
translation  of  Seger'a  Collected  Works,  Vol.  I,  p.  224. 


FINENESS   OF   GRAIN. 


141 


ble  of  all.  In  these  more  fusible  mixtures  of  Cramer,  other  fluxes 
were  necessarily  emiployed  than  those  mentioned  above.  Soda, 
lead  oxid  and  boracic  acid  are  used  in  these  low  numbers. 

The  complete  range  of  temperature  represented  between  the 
limits  cones  36  and  022  is  1260  degrees  Centigrade,  from  1850 
down  to  590  degrees.  Cone  022  melts  at  a  visible  red  beat,  while 
the  highest  of  the  series  requires  for  fusion  dazzling  white  heats. 
The  difference  in  the  melting  points  of  any  two  consecutive  mem- 
bers of  the  series  is  uniformly  20°  C.  from  36  to  010.  Below  this 
they  run  30  instead  of  20  degrees  apart. 


COMPOSITION  AND  FUSING  POINTS  OF  SEGBR  OONXa 


O  9 

|8 


COMPOSITZOir. 


022 

021 

020 

019 

018 

017 

016 

015 

014 

013 

012 

Oil 

010 

09 

08 

07 

06 

05 


0.5Nft,O 
0.5   P.O. 
0.5Nft,O 
0.5    PbO 
0.5Nft,O 
0.5    PbO 
0  5Na.O 
OS    PbO 
0.5Na,O 
0.5    PbO 
0.5Na,O 
0.5    PbO 
0.5NatO 
0.5    PbO 
0.5Na,O 
0.5    PbO 
0.5Na,O 
0.5    PbO 
0.5Na,O 
0.5    PbO 
0.5NaiO 
0.5    PbO 
0.5Na,O 
0.5    PbO 


0.3 
0.7 
0.3 
0.7 
0.3 
0.7 
0.3 
0.7 
0.3 
0.7 
0.3 
0.7 


K,0 
CaO 
K,0 
CaO 
K,0 
CaO 
K,0 
CaO 
K,0 
CaO 
K,0 
CaO 


0.1  Al.O, 

0.2  Al.O. 

0.3  Al.O. 

0.4  Al.O, 

0.5  Al.O. 

0.55  Al.O. 

0  6  Al.O. 

0.65A1.O. 

0.7  Al.O 

0.75A1.O, 

0.8  Al.O, 

0.2  Fe,0. 
0.3  Al,Os 
0.2  Fe,Og 
0.3  Al,Os 
0.2  Fe,Og 

/>      O          At     /"% 

0.3  A1,0, 
0.2  Fe,Og 
0.3  A1,0, 
0.2  Fe.Og 
0.3  A1,0, 
0.2  Fe.O, 
0.3  A1,0, 


2.0 

SiO« 

1.0 

BO 

2.2 

SiOt 

1.0 

BO 

2.4 

SiO« 

1.0 

BO 

2.6 

SiOi 

1.0 

BO 

2.8 

SiOt 

1.0 

BO 

3.0 

SiO« 

1.0 

BO 

3.1 

SiO, 

1.0 

BO 

3.2 

SiUi 

1.0 

BO 

3  3 

SiO« 

1.0 

BO 

3.4 

SiOt 

1.0 

BO 

3.5 

SiO, 

1.0 

BO 

3.6 

SiO, 

1.0 

BO 

3.50  SiO« 

0.50  BO 

3.55  SiO, 

0.45  BO 

3.60  SiO, 

0.40  BO 

3.65  SiO« 

0.35  BO 

3.70  SiO, 

0.30  BO 

3.75  SiO, 

0.25  BO 

FTJBIHO  POINT. 


1,094 

590 

1,148 

620 

1,202 

650 

1,256 

680 

1,310 

710 

1,364 

740 

1,418 

770 

1,472 

800 

1,526 

830 

1„S8() 

860 

1,634 

890 

1.688 

920 

1,742 

950 

1,778 

970 

1,814 

990 

1.850 

1,010 

1.886 

1,030 

1  922 

1,050 
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COMPOSITION  AND  FUSING  POINTS  OF  SBGBR  CONKS— Co wtihuid. 


FUBINO  POIHT 
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00 


04 

03 

02 

01 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 


0.3 
0.7 
0.3 
0.7 
0.3 
0.7 
0.3 
0  7 
0.3 
0.7 
0.3 
0.7 
0.3 
0.7 
0.3 
0.7 
0.3 
0.7 
0.3 
0.7 
0.3 
0.7 
0.3 
0.7 
0.3 
0.7 
0.3 
0.7 
0.3 
0.7 
0.3 
0.7 
0.3 
0.7 
0.3 
0.7 
0  3 
0.7 
0.3 
0.7 
0  3 
0.7 
0.3 
0.7 
0.3 
0.7 
0  3 
0.7 
0.3 
0.7 
0.3 
0.7 
0.3 
0.7 
0.3 
0.7 


K,0 
CaO 
K.O 
CaO 
K,0 
CaO 
K.O 
CaO 
K.O 
CaO 
K.O 
CaO 
K,0 
CaO 
K,0 
CaO 
K.O 
CaO 
K,0 
CaO 
K,0 
CaO 
K.O 
CaO 
K.O 
CaO 
K.O 
CaO 
K.O 
CaO 
K.O 
CaO 
K.O 
CaO 
K.O 
CaO 
K.O 
CaO 
K.O 
CaO 
K.O 
CaO 
K.O 
CaO 
K.O 
CaO 
K.O 
CaO 
K.O 
CaO 
K.O 
CaO 
K.O 
CaO 
K.O 
CaO 


0.2  FetOi 
0.3  AlsOs 
0.2  PeaOi 
0.3  AUOs 
0.2  FeiOs 
0.3  AltOi 
0.2  FeiO« 
0.3  AltOt 
0.2  FetO« 

0  3  AlfOa 
0.1  FeiOs 
0.4  AltOs 
0.05Fc«O» 
0.45AlsOi 

0.5  A1,0, 
0.5  A1,0, 
0.6  Al,Og 
0.7  AlA 
0.8  AUOa 
0.9  AltOs 

1  0  AUOg 
1.2  AUOa 
1.4   A1,0, 

1.6  AUO, 

1.8  AlaO, 
2.1  AUO, 
2.4  AUO, 

2.7  Al.O, 
3.1  AljOs 

3  5  A1,0, 

3.9  A1,0, 

4  4  AlsO, 
4.9  A1,0. 
5.4  AlaOg 
6.0  AlsO, 


3  80  SiO« 
0.20  BO 
3.85  SiO« 
0.15  BO 
3.90  SiOs 
0.10  BO 
3.95  SiOa 
0.05  BO 


4. 

4. 

4. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
12. 
14. 
16. 
18. 
21. 
24. 
27. 
31. 
35. 
39. 
44. 
49. 
54. 
60. 


SiOs 
SiOi 
SiOs 
SiOt 
SiOt 
SiOs 
SiOs 
SiOs 
SiOs 
SiOs 
SiOs 
SiOs 
SiOs 
SiOs 
SiOs 
SiOs 
SiOs 
SiOi 
SiOs 
SiOs 
SiOs 
SiOs 
SiOs 
SiOs 


1.958 
1,994 
2,030 
2,066 
2,102 
2,138 
2.174 
2.210 
2  246 
2.282 
2.318 
2.354 
2.390 
2.426 
2.462 
2,498 
2.534 
2,570 
2,606 
2.642 
2.678 
2,714 
2,750 
2,786 
2.822 
2,852 
2.894 
2.930 


1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


070 
090 
110 
130 
150 
170 
190 
210 
230 
250 
270 
290 
310 
330 
350 
370 
390 
410 
430 
450 
470 
490 
510 
530 
550 
570 
590 
610 
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COMPOSITION  AND  FUSINQ  POINTS  OF  SBaSR  OONBS-Goivtirusd. 


|8 


OOMP08ITION. 


rnsmo  point. 


25 
26 

27 

28 
29 
30 
31 
32 
33 
34 
35 
36 


0.3 
0.7 
0  3 
0.7 
0.3 
0.7 


K.O 
CaO 
K.O 
CaO 
K,0 
CaO 


6.6  AltO. 
7.2  AltO, 

2.0  AlsOs 

AlfO. 
AliO. 
AliOs 
AltO. 
AltOs 
AltO. 
AltO. 
AltO. 
AltOs 


66.      SiO. 

72.      SiO, 

200       SiO, 


10 
8 
6 
5 
4 
3 


SiOt 
SiOt 
SiO> 
SiO, 
SiO, 
SiO, 


2.5  SiO, 
2  SiO, 
1.5    SiO, 


2,966 
3.002 

3,038 

3,0741 
3.110 
3,146 
3,182 
3,218 
3,254 
3,290 
3,326 
3.322 


1.630 
1.650 

1.670 

1,690 
1,710 
1,730 
1,750 
1,770 
1,790 
1,810 
1,830 
1.850 


In  praetioe,  the  oones  are  mounted  upright  on  a  small  block  of 
clay  and  placed  in  the  kiln  or  furnace  where  they  will  be  sur- 
rounded by  as  nearly  the  average  temperature  as  possible.  An 
advantageous  method  is  to  so  locate  themj  that  they  may  be  ob- 
served from  the  outside.  It  is  first  ascertained  to  the  melting 
I>oint  of  which  cone  tlie  ware  is  to  be  burned.  Then  a  number  of 
the  more  readily  fusible  than  tlie  critical  one  are  usually  put  in 
so  that  the  fusion  of  the  lower  ones  gives  warning  of  the  approach 
to  tlie  required  temperature.  As  the  melting  point  of  a  cone  is 
neared,  it  gradually  softens  and  the  top  bends  over.  When  the 
tip  of  the  cone  just  touches  the  base,  its  fusion  point  is  considered 
reached.  It  is  not  customary  for  the  users  of  these  cones,  nor 
indeed  is  it  at  all  necessary,  to  determine  temi)eratures  in  degrees 
of  any  thermometer  scale.  What  they  wish  to  determine  is  the 
finishing  heat  for  the  ware  they  are  burning.  When  a  certain 
cone  melts  they  know  that  a  certain  amount  of  work  has  been 
accomlplished  by  the  heat  and  that  it  is  time  to  close  down.  Thej'^ 
become  accustomed  to  burning  off  at  cone  02  or  cone  1  rather  than 
1110  or  1150  degrees  Centigrade. 

Following  this  brief  discussion  of  some  of  the  principles  upon 
which  the  fusion  of  clay  depends  and  of  the  methods  of  express- 
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ing  and  measuring  fusibility,  it  is  the  object  of  this  work  to  pre- 
sent the  methods  employed  and  the  results  obtained  in  experi- 
menting to  determine  the  fusibility  of  some  of  Iowa's  clays. 

METHOD  OF  PBEPABINQ  THE  OL^Y  FOB  FUSION  TESTS. 

The  clay  was  first  ground  to  pass  a  forty-mesh  sieve.  A  small 
amount  was  then  mixed  with  water  to  its  best  plasticity  and 
spread  out  on  a  glass  plate  by  means  of  a  small  trowel  or  spatula 
to  a  thickness  of  about  one-fourth  of  an  inch.  From  this  were  cut 
small  strips,  approximately  three  and  one-half  inches  in  length 
and  tapering  from!  three-eighths  of  an  inch  in  width  at  one  end 
to  one^eighth  at  the  other. 

These  were  allowed  to  dry  and  then  mounted  by  setting  the 
narrow  end  into  the  upper  end  of  a  block  of  soft  fire  clay.  This 
block  of  fire  clay  shaped  with  a  trowel  is  two  and  three-fourths 
to  three  inches  high,  aibouit  an  inch  and  a  quarter  square  at  the 
base  and  slightly  narrowing;  upwards.  The  strip  of  day  to  be 
tested  was  so  oemiented  into  the  plastic  fire  clay  that  it  maintained 
an  upward  sloping  position  from  its  support  of  15°  to  20°  from  the 
horizontal.  The  heavier  end  being  thus  unsupported  and  some- 
what above  the  other,  will  gradually  lower  as  the  clay  softens. 
While  still  soft,  the  fire  clay  was  perforated  near  the  center  so  it 
could  be  removed  fromi  the  furnace  by  means  of  a  bent  metal  rod. 

After  the  fire  clay  bases  were  dry  they  were  placed  in  a  Hos- 
kins  No.  4  muffle  furnace  in  positions  such  that  they  could  be 
observed  through  a  peep  hole  in  the  muffle  door.  In  order  to  note 
the  change  suffered  by  the  clays  during  successive  stages  of  the 
bum,  a  series  of  six  samples  of  each  clay  was  prepared  in  the 
above  manner  and  only  one  clay  could  be  tested  at  a  time.  The 
first  sample  was  drawn  at  600°,  a.  second  at  800°,  a  third  at  1000°, 
a  fourth  at  1100°  and  so  on  until  the  clay  was  melted. 

On  actual  trials  with  pa\dng,  common  and  pressed  brick  clays 
by  the  metiiod  above  outlined!,  they  were  found  to  act  in  general 
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as  was  expected.  Changes  in  color,  porosity,  etc.,  took  place  as 
the  temperature  was  raised,  just  as  in  ordinaiy  kiln  burning,  until 
vitrification  temperatures  were  attained.  As  the  clay  softened; 
the  weight  of  the  outer,  heavier  and  unsupported  end  of  the  clay 
strip  caused  bending  downward  of  the  latter  close  to  the  fire  clay 
support.  The  indication  of  the  pyrometer  was  carefully  noted 
when  the  clay  first  began  to  bend  as  also  when  it  was  clear  down. 

In  some  of  the  weaker,  less  coherent  samples,  trouble  was  en- 
countered by  the  strip  breaking  just  before  reaching  the  vitrify- 
ing point.  This  was  the  case  with  some  of  the  loess  clays  and 
very  arenaceous  and  indurated  shales.  After  undergoing  dehy- 
dration and  oxidation,  the  clays  appeared  to  be  weaker  than  when 
raw— enough  so  that  they  were  no  longer  able  to  maintain  the 
rigidity  which  they  possessed  dry.  This  was  further  evidenced 
by  the  results  "of  the  tensile  strength- tests  of  the  raw  and  burned 
clay. 

In  miaking  fusion  tests  of  clays,  there  are  two  principal  points 
which  it  is  desirable  to  determine.  It  is  interesting  from  the 
scientific  standpoint  alone  to  ascertain  just  how  much  heat  is 
required  to  melt  a  clay,  i.  e.,  to  reduce  it  to  a  state  of  actual  fusion. 
Secondly,  it  is  not  only  of  interest  from  the  scientific  viewpoint 
but  much  more  so  from  the  practical  standpoint,  to  determine 
where  a  clay  begins  to  soften  or  vitrify  and  what  tlie  range  is 
between  this  incipient  vitrification  and  the  condition  where  it 
would  be  too  soft  to  bear  any  weight  without  distortion.  The 
latter  condition  is  not  yet  one  of  fusion  but  one  only  of  thorough 
vitrification.  A  knowledge  of  the  interval  between  begin- 
ning vitrification  and  the  stage  where  the  clay  will  no  longer 
retain  its  shape  is  very  important  and  even  indispensable  to  the 
manufacturer  of  vitrified  ware.  It  is  of  no  use  to-  him  to  know 
how  much  more  heat  would  be  necessary  to  actually  fuse  the  clay, 
for  the  state  of  complete  vitrification  is  the  limit  so  far  as  the 
making  of  a  salable  product  is  concerned. 

10 
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In  the  present  experiments,  no  attempt  was  made  to  bring  the 

clays  to  a  state  of  fusion.  This  was  unnecessary  in  ordter  to  give 
the  results  their  greatest  value  in  a  practical  way.     The  clays 

were  heated  until  the  small  bars  began  to  bend  and  this  point  was 
considered  incipient  vitrification  as  defined  by  Wheeler,  The 
increment  of  temperature  possible  between  this  and  the  attain- 
ment of  the  vertically  hanging  position  of  tlie  strip®  was  consid- 
ered the  allowable  range  in  kiln  practice.  This  last  stage  is, 
obviously,  with  most  clays  much  different  from  actual  fusion, 
which  may  still  require  a  few  hundred  degrees  increase  of  tem- 
perature. It  is  a  condition,  however,  in  which  the  clay  is  becom- 
ing viscous  and  will  no  longer  hold  its  shape  u»nder  the  action  of 
any  outside  deforming  force.  This  would  be  the  condition  which 
pavers  reach  in  the  bottom  of  a  large  kiln  when  they  come  out 
'*kiln  marked"  or  indented  by  the  bricks  above  them. 

•These  tests  were  made  in  a  Hoskins  muflle  furnace  No.  4.  The 
chamber  has  inside  dimensions  approximately  8  by  14  by  5  inches. 
The  fuel  is  gasoline  supplied  to  two  burners  from  a  six-gallon  cyl- 
indrical tank.  An  air  pump  is  attacher  to  tlie  tank  so  that  any 
pressure  below  fifty  pounds  per  inch  may  be  maintained  on  the 
burners.    (See  figure  3.) 

Temperatures  were  meai&ured  by  the  LeChatelier  pyrometer, 
checked  quite  frequently  with  Seger  cones.  There  was  some- 
times found  a  considerable  disparity  between  the  two,  as  much 
as  100  or  125  degrees  C,  then  again  they  would  check  within  a 
reasonably  small  margin.  This  variation  could  sometimes  be 
accounted  for  by  the  difference  in  temperature  in  different  parts 
of  the  muffle.  Even  in  such  a  small  chamber  as  this  there  is  often 
a  difference  of  100°  in  the  space  of  several  inches.  The  readings 
of  the  LeChatelier  instrument  were  substantially  relied  on 
throughout  the  tests.  A  temperature  curve  was  drawn  from  the 
pyrometer  readings  with  every  bum.  A  reading  was  recorded 
every  ten  minutes.    The  abscissal  distance  was  thus  divided  into 
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ten  xmnuite  spaces  and  each  ordinate  division  repi'esented  30 
degrees  Centigrade.  The  clays  required  Trom  three  to  six  hours 
for  each  bum,  depending  upon  the  refraotorinesa  of  the  one  under 
trial. 

The  subjoined  table   is  made  to  show   the   temperature  data 
obtained. 

Temperature  of  Yltriflcatlon  <>  O. 
OLAYS.  Inolplent.  Oomplete. 

Flint  Brick  Co.,  bottom 1150  1200 

Flint  Brick  Co.,  middle 1200  1300 

Flint  Brick  Co..  top 1340  ?? 

Flint  Brick  Co.,  green  brick 1130  1260 

Capital  City  Brick  and  Pipe  Co.,  top 1060  1175 

Capital  City  Brick  and  Pipe  Co. ,  2nd 1110  1250 

Capital  City  Brick  and  Pipe  Co. .  3rd Unvitrified  at  1300 

Capital  City  Brick  and  Pipe  Co. ,  4th 1115  1300+ 

Capital  City  Brick  and  Pipe  Co. ,  bottom 1110  1260 

Capital  City  Brick  and  Pipe  Co . ,  greefi  brick 1140  1250 

Iowa  Brick  Co.,  bottom 1100  1235 

Iowa  Brick  Co.,  2nd  .." 1100  1225 

Iowa  Brick  Co.,  3rd 1300  ?? 

lowaBrickCo.,  4th 1100  1250 

Iowa  Brick  Co .,  5th 1170  1230 

Iowa  Brick  Co. ,  top Unaffected  at  1325 

Granite  Brick  Co. ,  top 1045  1130 

Granite  Brick  Co. ,  bottom  . . .% 1065  1110 

Dale  Brick  Co. ,  shale ' 1090  1200+ 

Corey  Brick  Co. ,  red 1175  1225? 

Corey  Brick  Co. ,  tuff 1200  1300+ 

L.  M.  Harris,  white  burning 1100  1130+ 

Clermont  Brick  and  Tile  Co. ,  white  burning Unvitrified  at  1300 

Storm  Lake  Brick  and  Tile  Co. .  drift  clay ??  1150+ 

American  Brick  and  Tile  Co . ,  plastic  shale 900  1060 

B.  B.  Jester  bank,  white  burning Unaffected  at  1350 

Colesburg,  potter's  clay 1120  120D+ 

L.  C.  Besley,  loess  top 950  1030 

L.  C.  Besley,  middle  loess 990  1075 

L.  C.  Besley,  bottom  loess , 1010  1115 

Dale  Brick  Co.,  top  loess 1020  1125 

Gethmann  Brick  Co. .  loess 940  1000 

The  first  eighteen  members  of  the  table  are  clays  used  in  the 
paving  briek  industry.    The  following  three  are  used  in  the  man- 
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ufaoture  of  dry  press  brick.  The  two  white  buming  clays,  that  of 
Mr.  Harris  and  of  the  Clermont  Brick  and  Tile  Company,  are  em- 
ployed in  making  building  brick  by  the  stiff  mud  process.  The 
Storm  Lake  Brick  and  Tile  Company  use  a  wash  from  the  Wiscon- 
sin drift  for  making  common  brick  and  drain  tile.  The  American 
Brick  and  Tile  Company  make  an  excellent  grade  of  hollow  brick 
and  block  besides  comanon.  brick  and  drain  tile.  The  white  buming 
clay  from  the  Jester  bank  near  Danville,  Iowa,  is  not  at  present 
utilized.  The  Colesburg  potter's  clay  has  been  made  use  of  in  the 
manufacture  of  the  commoner  pieces  of  stoneware  for  which  it 
was  found  quite  suitable,  but  its  use  is  now  limited  to  flower  pot 
jiianuf acture.  The  Besley  clays  are  used  for  comxnon  brick  made 
by  the  soft  mud  process,  while  the  last  two  clays  listed  in  the 
table  are  employed  in  making  dry  press  brick. 


CHAFTEB  IV. 
Processes  in  the  Manufacture  of  Clay  Wares. 

WINNING   OF   THE   RAW   MATERIAL. 

In  the  manufacture  of  any  products  making  use  of  raw  mate- 
rials found  in  nature,  the  first  problem  to  be  met  is  that  of  win- 
ning. Winning  includes  that  preliminary  part  of  the  process  of 
manufacture  which  brings  the  crude  materials  to  the  preparing 
machinery.  In  the  clay  industries,  different  methods  are  em- 
ployed which  are  determined  principally  by,  first,  location  of  the 
clay  deposit  with  reference  to  the  plant;  second,  stratigraphic 
position  of  the  desired  clay  strata;  third,  character  of  the  clay 
itself;  fourtli,  attitude  of  the  strata  in  the  bank. 

It  is  always  advantageous  to  build  the  m'anufacturing  plant 
as  close  as  possible  to  the  deposit  of  raw  material.  When  it  can 
be  located  in  immediate  proximitj'  to  the  bank  and  at  the  same 
time  have  good  facilities  for  conveying  the  products  from  the 
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factory  to  the  miarkets,  no  other  location  should  be  considered. 
The  expense  of  conveyance  from  pit  to  works  is  low  and  where 
railroad  transportation  of  the  finished  product  is  had,  the  cost 
of  any  short  extension  of  the  necessaiy  branch  to  the  main  line 
**  will  not  in  the  long  run  be  considerable.  If  the  Ware  is  trans- 
ported by  team  haulage,  an  extra  few  miles'  drive  makes  little 
difference;  it  is  the  handling,  loading  and  unloading  that  is  the 
expensive  part  of  thisi  operation,  and  just  as  much  of  this  is 
required  with  short  as  with  long  hauls. 

Conditions  are  frequently  such  that  a  plant  must  be  situated 
at  a  considerably  higher  level  than  the  clay  to  be  used,  and  of  ten- 
timles  at  some  distance. laterally.  Such  a  relative  location  of  clay 
and  plant  is  economical  only  when  it  comes  to  a  question  of  lift- 
ing the  raw  day  or  the.  finished  product  to  a  level  where  railroad 
shipment  is  possible.  Were  the  plant  placed  on  the  level  of  or 
below  the  pit  in  this  instance  and  in  such  a  position  that  switches 
cdhild  not  be  extended  to  it  for  loading  direct  into  cars,  elevation 
of  the  marketable  ware  would  .be  necessary,  which  again  would 
involve  all  the  expense  and  inconvenience  of  handling  the  ware 
an  excessive  number  of  times.  Where  team  haulage  and  double 
handling  are  not  to  be  avoided,  there  are  advantages  in  placing 
the  factory  below  .the  level  of  the  strata  of  clay  U>  be  utilized'. 
The  clay  may  thus  be  transferred  to  the  works  largely  by  gravity, 
whether  wheded,  .carted  or  carred^  a  large  factor  that  should  be 
considered  throughout  the  manufacturing  process.  Even  under 
these  conditions,  however,  the  location  ought  to  be  chosen  with 
discretion,  looldng  to.  the  lay  of  the  land,  water  supply,  drain- 
age, etc.  . . 

In  the  exploitation  of  clay  deposits,  desirable  strata  are  found 
in  varying  positions  with  reference  to  the  surface  of  the  country. 
They  may  be  at  the  surface,  as  deposits  of  alluvial  {and  glacial 
clays  are  found.  Clays  and  shales  are  very  commlonly  taken  from 
a  bank  which  is  overlain  with  a  layer  of  bowlder  clay  of  greater 
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or  less  thickness  and  which  on  account  of  its  limy,  bowldery  char- 
acter is  undesirable  in  the  clay  mixture  and  must  be  removed. 
Besides  glacial  material  alone,  clays  are  often  buried  beneath 
strata  of  other  undesirable  argillaceous  materials  and  sometimes 
limestones  or  sandstones  cover  the  deposit.  In  this  case,  the 
ordinary  operations  of  quarry  stripping  must  be  carried  out  to 
expose  the  clay  stratum  that  is  to  Be  worked.  Should  the  clay  be 
found  to  possess  exceptional  qualities  for  some  special  line  of 
manufacture  or  to  be  of  a  superior  grade  in  some  way  especially 
desirable  in  any  class  of  work,  it  may  be  mined  where  the- vein 
is  thin  and  the  overlying  strata  relatively  thick. 

With,  clays  in  a  looee  state  of  aggregation,  ^as  alluvium  and 
loess  and  most  clays  of  recent  origin,  no  greater  force  is  necessary 
to  loosen  them  up  than  that  brought  to  bear  with  the  plow,  shovel 
and  scraper.  Some  of  the  more  compact  varieties  require  the  use 
of  the  pick  and  even  blasting  will  be  found  necessary.  Many  of 
the  shales  are  more  or  less  indurated  and  possess  a  shelly,  hard- 
ened structure  so  that  blasting  and  picking  are  continually  re- 
sorted to  in  reducing  them  to  ponderable  masses. 

The  attitude  of  the  strata  in  a  clay  bank  has  much  to  do  with 
the  work  which  is  required  in  removing  the  clay  for  use.  As  with 
other  geological  strata,  beds  of  shale  may  often  occupy  other 
than  horizontal  positions.  They  may  dip  in  one  direction  or 
another,  but  such  inclination  is  usually  at  so  low  an  angle  as  to 
make  the  dip  an  unimportant  factor  in  working.  Thin  layers  of 
limestone  or  sandstone  or  bands  of  coaly  or  carbonaceous  matter 
are  sometimes  intercalated  at  varying  intervals  in  clay  beds. 
These  may  extend  indefinitely  or,  in  lens  like  masses  feather  out 
in  a  short  distance.  At  any  rate  they  are  obstacles  to  successfully 
winning  the  clay  and  as  they  can  not  ordinarily  be  used  in  the 
mlixture,  must  be  gotten  rid  of. 

The  common  means  by  which  clays  are  won  are:  surface  dig* 
ging,  quarrying  and  mining. 
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Surface  Digging:  Clays  of  the  more  earthy,  loose-textured 
varieties  occurring  at  the  surface  of  the  ground  may  be  dug  in 
shallow  pits.  Discrimination  between  surface  digging  and  the 
second  division,  quarrying,  may  be  made  by  placing  the  dividing 
line  where  the  clay  pit  is  worked  as  a  **baiik"  and  where  blasting 
is  necessary. 

Surface  digging  is  carried  out  by  the  use  of  (1)  the  shovel 
and  wheelbarrow.  This  is  of  necessity  the  slowest  mode  of  opera- 
tion  and  the  most  expensive.  It  is  not  feasible  on  any  large  plan 
or  where  the  clay  must  be  transported  for  any  distance  to  reach 
the  plant.  A  second  method  is  by  the  plow  and  scraper.  By 
these  means,  more  extensive  operations  mlay  be  carried  on  than 
with  shovel  and  wheelbarrow  and  the  clay  may  be  hauled  eco- 
nomically some  distance  to  the  preparing  machinery  or  to  tLe 
terminus  of  the  connecting  line  of  transportafion  from  pit  to 
works.  With  otherwise  favorable  conditions,  a  haul  of  five  or  six 
hundred  feet  is  perhaps  the  limit. 

In  surface  workings  it  is  diflScult  to  employ  a  method  which 
will  answer  under  all  changes  of  weather,  even  during  the  work- 
ing season.  The  materials  are  commonly  of  such  a  nature  that 
heavy  rains  may  permteate  the  strata  worked  to  a  greater  or  less 
extent  and  even  fill  the  pit  mth  water.  Any  nwans  of  working 
in  an  open  pit  must,  therefore,  be  a  fair  weather  method.  Of  the 
two  mentioned  above,  the  sliovel  and  wheelbarrow  method  would 
be  more  closely  controlled  by  the  weather  than  the  plow  and 
scraper. 

The  use  of  the  steam  shovel  for  open  surface  workings  is  prev- 
alent in  some  of  the  larger  clay-working  centers  of  the  country. 
This  machine  could  be  used  only  where  the  material  is  of  a  fairly 
friable  nature  and  the  output  large.  It  has  been  successfully 
operated  in  clay  banks  with  open  faces  as  high  as  twenty  feet, 
and  is  employed  where  the  excavation  or  elevation  of  large 
amounts  of  any  earthy  material  is  to  be  executed.    In  clay  pits 
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where,  as  is  usually  the  case,  there  is  a  vertical  variation  in  the 
character  of  tlie  strata,  the  use  of  the  steam  shovel  is  advan- 
tageous in  averaging  and  maintaining  more  nearly  constant  in 
composition  the  supply  of  raw  material.  The  initial  outlay  for 
the  steam  shovel,  of  course,  bars  its  use  in  all  small  plants. 

Quar7'ying.—Q\iarry  methods  are  resorted  to  in  digging  clays 
where  the  latter  are  of  sudi  a  character  or  tlie  strata  of  such  a 
thickness  as  to  require  more  forcible  means  in  loosening  them 
up  than  the  pick,  shovel  and  plow.  The  shales,  which  furnish  a 
large  proportion  of  the  raw  material  utilized  in  the  clay  indus- 
tries, where  unweathered,  are  usually  more  or  less  indurated. 
This  induration  has  often  proceeded  to  such  an  extent  that  the 
deposit  takes  on  a  slaty  or  stony  hardness  and  can  be  broken  up 
only  by  drilling  and  blasting.  It  is  to  this  class  of  clays  princi- 
pally that  quarry  methods  are  applied. 

The  best  quarry  practice  requires  that  where  faces  over  twenty 
feet  in  height  are  to  be  worked,  the  work  is  best  carried  on  by  a 
series  of  benches,  one  above  another  after  the  fashion  of  the  steps 
of  a  stair.  For  instance,  instead  of  taking  down  vertically  a 
thirty-foot  bank,  experience  has  taught  that  most  quarry  rock  can 
be  more  advantageously  removed  by  establishing  an  intermediate 
bench  and  working  two  low  faces  of  fifteen  feet  each.  The  prin- 
cipal difficulty  encountered  iii  operating  a  quarry  in  benches  is 
that  of  getting  the  rock  from  the  upper  benches  to  the  means  of 
transportation  from  the  quarry.  In  thoroughly  indurated  rock 
like  limestone  and  sandstone,  this  question  is  less  serious  than  in 
a  shale  quarr\^  By  blasting,  shales  are  shattered  into  fragments 
of  various  sizes  all  more  or  less  incoherent  and  which  miust  be 
further  broken  up  so  tliat  it  may  be  handled  with  the  shovel  before 
leaving  the  pit.  The  difficulty  of  handling  this  partially  com- 
minuted clay  in  a  quarry  or  several  benches  is  evident  where  car 
lines  can  not  be  run  at  the  different  levels.  This  principle  of 
quarry  practice  is  not  usually  followed  out  in  the  development 
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of  clay  banks.  High  banks  are  either  taken  down  as  a  whole  or 
only  comparatively  low  exposures  are  worked  at  a  time.  Each 
working  face  should  be  of  such  a  height  that  it  can  be  loosened 
from  top  to  bottom  with  the  common  sized  charge  of  explosive. 
It  is  customary  to  pick  under  the  face  of  the  bank  as  far  as  possi- 
ble,  then  by  mleans  of  a  series  of  charges  placed  in  drill  holes 
arranged  i>arallel  to  and  a  few  feet  back  from  the  quarry  face 
and  set  off  simultaneously,  break  down  and  shatter  large  bodies 
of  the  clay.  The  quantity  loosened  with  one  blast  depends  largely 
upon  the  character  of  tlie  clay  itself  and  the  type  of  explosive  used. 
Black  blasting  powder  and  dynamdte  are  in  common  use.  They 
are  somewhat  different  in  their  action.  The  explosion  of  black 
powder  is  due  to  a  process  of  combustion,  while  that  of  dynamite 
is  the  result  of  a  molecular  rearrangement  in  the  chemical  struc- 
ture of  the  explosive.  In  use,  dynamite  is  less  efficient  as  a  lifl> 
ing  force  than  powder,  so  they  are  frequently  used  in  conjuno- 
tion,  the  one  for  opening  up  the  bottom  of  a  drill  hole  thus  pro- 
viding space  for  tlie  eliarge  of  powder,  the  explosion  of  which 
becomes  the  real  shattering  force. 

By  a  series  of  charges  set  according  to  the  arrangement  above 
outlined,  immense  bodies  of  clay  can  be  broken  down,  if  for  a 
small  plant,  sufficient  to  .run  for  a  large  part  of  the  season.  In 
such  loosened  condition,  weathering  progresses  more  effectively 
and  the  clay  is  in  better  shape  when  brought  to  the  preparing 
machinery.  In  some  clays,  and  particularly  those  of  a  fossilifer- 
ous  natuire,  as  shales  and  some  fire  days,  the  matter  of  weather- 
ing is  of  prima  imiportance.  These  clays  have  been  brought  to 
their  hard  and  stony  condition  through  the  action  of  geologic 
forces  which  have  compacted  and  modified  them  largely  from 
their  original  purely  sedimentary  character.  They  have  been 
subjected  to  the  effects  of  changes  in  temperature  and  pressure 
consequent  upon  elevation  fromi  their  place  of  origin. on  the  sea 
bottom.    Their  structure  and  mineral  constituents  have  been  more 
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or  less  altered  through  solution,  replacement  and  infiltration  by 
percolating  waters  after  assuming  their  positions  above  sea  level. 
The  action  of  the  surface  weathering  agents,  atmospheric  and 
^aqueous,  is  to  break  down  the  indurated  structure.  This  it  accom- 
plishes in  a  mechanical  way  by  a  process  of  slaking,  similar  to 
the  visible  change  that  occurs  when  water  is  added  to  caustic 
lime,  which  gradually  crumbles  tlie  clay  into  fine  particles.  More 
important,  however,  are  the  chemical  effects  of  the  weathering 
agents.  The  chemical  processes  are  essentially  oxidation  and 
solution.  Some  of  tlie  mineral  constituents  of  clays,  as  the  alkalies, 
somje  iron,  and  lime  salts,  are  soluble  in  water.  In  weathering 
these  are  dissolved  out.  Many  substances  which  were  not  origin- 
ally soluble,  are  rendered  so  when  subjected  to  weathering  influ- 
ences through  chemical  changes  due  largely  to  oxidation  and 
hydration.  In  unmodified  shales,  the  iron  compounds  are  largely 
in  the  ferrous  state.  Iron  carbonate  in  weathering  loses  carbonic 
acid  and  is  oxidized  to  ferric  oxid  which  to  a  large  extent  gives 
to  weathered  clays  their  yellow  or  reddish  appearance.  FeSo  ex- 
posed to  air  and  water  becomes  the  sulfate,  melanterite,  FeSO^,  a 
soluble  salt.  CaCOg  in  the  presence  of  sulfates  may  be  largely 
changed  to  the  sulfate  and  carried  out  in  solution.  Substances 
already  soluble  are  removed.  Minerals  are  oxidized  and  hy- 
dirated,  some  becoming  soluble,  others  rendered  insoluble.  What- 
ever the  change,  it  is  from  a  less  to  a  more  stable  compound 
under  the  prevailing  conditions.  The  benefits  of  weathering  are 
apparent.  To  be  fully  carried  out,  this  process  should  be  allowed 
to  go  on  until  all  the  oxidizable  constituents  are  changed  and 
until  all  the  soluble  ingredients  are  removed.  This  is  usually 
accompanied  by  a  change  in  the  physical  character  of  the  clay 
which  develops  its  property  of  plasticity. 

It  is  due  to  the  presence  of  soluble  salts  in  the  clay  that  eflBor- 
escences  arise.  A  thoroughly  weathered  clay,  therefore,  would 
show  no  efflorescence.    Clays  containing  ferrous  iron  compounds 
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are  much  more  subject  to  trouble  in  burning  than  clays  free  from 
these.  Burning  in  itself  is  largely  a  process  of  oxidation  and 
the  more  fully  this  part  of  the  operation  can  be  accomplished 
before  the  kiln  is  reached,  the  less  the  danger  of  difficulty  in  the 
Kiln.  Similarly  the  less  soluble  lime  compounds,  percentages  of 
which  usually  accompany  the  clay  to  the  kiln,  will  be  less  obnox- 
ious if  oxidation  has  proceeded  to  the  full  limit. 

To  carry  out  weathering  on  an  extensive  plan  would  require 
large  miasses  of  day  to  be  broken  down  and  allowed  to  remain 
exposed  to  the  action  of  rains,  frost  and  temperature  changes 
until  completely  leached.  Necessarily  a  larger  quarry  face 
would  have  to  be  kept  open  than  where  the  clay  is  conveyed 
directly  to  the  plant,  but  the  superiority  in  the  working  quality 
of  the  clay  and  the  improved  character  of  the  resulting  ware  will 
often  juBtify  the  extra  outlay  in  this  direction.  A  plan  followed 
in  some  instances  is  to  provide  large  sheds  under  which  the  day 
is  piled.  Under  these  sheds  the  clay  is  kept  soaked  as  it  is  heaped 
up  layer  after  layer.  It  is  occasionally  wet  down  while  allowed 
to  stand  until  needed.  The  effects  of  such  treaitment  are  similar 
to  the  outdoor  process  except  as  nature  is  aided  and  its  action 
accelerated  by  man  in  providing  a  constant  supply  of  water, 
which  is  the  most  important  dement  in  weathering. 

Mming. — The  third  method  of  winning  clay  is  employed  only 
where  the  day  to  be  "won  is  of  such  a  nature  as  to  be  especially 
desirable  for  some  line  of  manufacture  and  where  day  which  will 
serve  the  same  purpose  is  not  obtainable  at  the  surface.  The  sup- 
ply of  day  in  the  world  is  so  larg^  audi  widespread  that  no  deposit 
need  be  opened  up  unless  the  location  and  environment  are  favor- 
able. In  like  manner  in  winning,  no  method  need  be  employed 
which  will  not  furnish  the  raw  material,  and  ultimately  the  fin- 
ished ware,  to  the  market  as  cheaply  as  it  can  be  done  at  any  place 
in  the  given  region.  Mining  is  practiced  in  the  clay  industry 
only  to  a  limited  extent.    It  is  more  expensive  than  any  other 
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method  of  day  getting  because  of  the  extra  eqaiipment  necessary 
in  the  way  of  timber  and  extensive  track  lines,  and  provisions 
for  ventilation,  light,  etc. 

Mining  a  vein  of  clay  would  be  carried  on  according  to  the 
same  principles  followed  in  mining  coal.  Two  systems  are  in 
common  use:  the  so-called  room  and  entiy  or  pillar  plan,  and 
the  long  wall  system.  The  former  is  used  where  the  veins  are 
thick  and  mtuch  timbering  is  required.  The  long  wall  system  is 
employed  with  comparatively  thin  veins  and  where  the  overlying 
material  is  of  such  a  character  as  to  furnish  a  fairly  stable  roof. 

In  Iowa  there  are  but  few  places  Xv^here  clay  is  mined.  With 
the  exception  of  the  Fort  Dodge  pottery  mine,  the  mining  of  clay 
is  carried  on  only  in  connection,  with  the  mining  of  coal.  The 
clay  accompanies  the  coal  vein  in  the  usual  relation  of  a  fire  clay 
stratum  and  is  taken  out  along  with  the  coal  itself. 

Following  the  winning  of  the  clay,  or  its  removal  from  the 
bank,  the  different  stages  of  the  process  of  manufacture  are  as 
follows:  transportatirai'to  works,  preparation  for  molding,  form^ 
ation  of  the  ware,  drying,  burnings  .Tliese  different  operations 
vary  in  importance  with  the  process  of  manufacture  and  the  char- 
acter of  the  clay  used.  For  instance,  in  making  common  brick 
from  a  soft  alluvial  material,  the  processes  of  grinding  and  mix- 
ing would  be  less  important  than  in  the  utilization  of  a  hard  shale. 
Likewise,  with  wares  made  by  the  dry  press  method  the  matter 
of  drying  require®  little  consideration.  Brief  discussion  will  be 
given  to  the  different  phases  of  clay  working  operations  and  their 
importance  noted  in  relation  to  the  process  of  manufacture  em- 
ployed. 

TRANSPORTATION  OF  THE  RAW  MATERIAL  TO  THE  WORKS. 

This  is  accomplished  in  several  ways,  depending  upon  the 
amount  of  day  required  and  the  location  of  the  plant  with  respect 
to  the  clay  deposit    Where  the  slope  is  low  and  tlie  distance  short, 


TRANSPORTATION  OF  THB  RAW  UATBRIAL.         157 

the  clay  may  be  wheeled  from  tJie  pit  in  barrows  and  dumped  dose 
to  the  prepariog  maxdiinerj'.  For  distances  over  a  few  rods,  it  is 
seldom  economical  to  handle  clay  in  this  way.  The  actual  amount 
of  clay  a  mlan  can.  dig  is  greatly  reduced  by  his  having  to  wheel  it 
for  even  a  few  yards.  With  alluvial  and  glacial  clays  that  can  oe 
worked  by  the  shovel  and  plow,  transportation  may  be  effected  by 
means  of  wheeled  scrapers.  The  clay  is  scraped  up  and  dt>wn  di- 
rectly to  the  plant.    Large  quantities  of  clay  can  be  economically 
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removed  and  carried  some  distance  in  scrapers,  as  only  one 
handling  is  required  from  bank  to  plant.  The  principal  draw- 
back to  the  more  extended  use  of  this  method  is  that  only  soft 
materials  can  be  handled  satisfactorily.  It  can  be  used  only 
where  the  clay  is  taken  from  a  shallow  surface  stratum,  and  not 
where  it  is  worked  as  a  bank".  In  some  instances,  where  it  is  im- 
Ijossible  to  locate  the  plant  close  to  tbe  clay  deposit,  the  clay  is 
hauled  in  wagons  to  the  works.  This  would  be  feasible  if  the  clay 
possessed  some  quality  rendering  it  desirable  for  a  certain  class 
of  goods,  or  where  the  oi)erations  of  a  plant  are  not  extensive. 
Clays  are  frequently  shipped  in  by  rail  from  distant  points, 
either  to  be  used  in  mixture  with  a  deposit  near  the  plant  or  as 


158  TBOHNOLOG'y   OF   CLAYS. 

the  entire  source  of  supply.  In  any  instance,  this  system  of  trans- 
portation would  scarcely  be  advantageous  unless  the  class  of  ware 
made  was  of  ani  exclusive  character,  or  conditions  of  manufac- 
ture such  that  all  competitors  were  placed  on  an  equal  basis  in 
this  regard. 

Horse  and  cart  haulage  is  quite  comimon.  The  clay  after  being 
blasted  and  picked  loose,  is  loaded  onto  two-wheeled  ca.rts,  each 
drawn  by  one  horse.  A  most  favorable  condition  to  this  class 
of  haulage  would  be  the  existence  of  a  low  slope  towards  the 
works.  On  the  level  it  will  work  very  well,  even  though  the 
distance  be  considerable.  After  a  few  days'  employment  the 
movements  of  the  horses  will  need  little  attention.  The  animals 
simply  follow  the  accustomled  roadways,  and  after  the  cart  is 
dumped  at  the  plant,  return  unaccompanied  to  tlie  bank.  The 
excellence  of  this  method  over  the  wheelbarrow  and  the  scraper 
lies  in  its  application  to  all  classes  of  clays  and  in  the  saving  of 
the  labor  of  one  man  for  each  cart  while  it  is  being  hauled  to 

.  the  works  and  back.  Where  a  driver  is  required,  a  small  boy 
is  often  employed  for  this  work.  Of  course,  with  a  high  slope 
either  towards  or  from  the  works,  it  would  not  be  advisable  to 
use  this  as  the  Fest  means  of  conveyance. 

Transportation  over  car  lines  is  •  practiced  in  nearly  all  of  the 
larger  plants.  This  is  the  miost  economical  of  any  plan  when 
large  amounts  of  clay  are  needed  and  where  the  gradient  to  or 

'  from  the  plant  is  high.  With  a  slope  towards  tlie  works  the  clay 
may  be  hauled  largely  by  gravity  and  the  tracks  so  arranged 
that  an  empty  car  will  be  drawn  up  to  the  bank  by  the  descent 
of  the  loaded  car  to  the  works.  This  method  would  necessitate 
a  double  line  of  track  for  somewhat  over  lialf  the  hauling  dis- 
tance and  a  revolving  drum,  at  tlie  upper  end  of  the  line.  To 
each  end  of  the  cable,  which  passes  round  the  drum  a  few  times 
so  as  not  to  allow  slipping,  a  car  is  attached,  so  that  one  end  of 
the  cable  is  payed   out  as  the  other  winds  up.      To  effect  an 
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arrangement  of  this  sort  the  weight  of  the  cars  and  the  size  of 
the  loads  would  have  to  be  adapted  to  the  gradient  of  the  roadbed. 
A  more  common  location  for  the  plant,  however,  is  above  the 
level  of  tlie  base  of  the  clay  deposit,  and  the  clay  mtust  be  ele- 
vated to  the  machines.  Among  numerous  plants  this  elevation 
varies  from  the  level  to  sixty  or  eighty  feet  With  the  exception 
of  clay  raised  from  mines,  lifting  the  clay  is  quite  universally 
accomplished  by  the  use  of  tramways,  the  cars  being  dtawn  up 
by  the  application  of  steam  or  horse  power.  Horse  cars  are 
employed  to  som/e  extent  where  the  gradietnt  is  low  and  the  dis- 
tance not  great  But  steam  power  transmitted  from  the  power 
plant  of  the  factory  secondarily  by  means  of  cables  is  the  coiUr 
mon  agent.  The  cars  are  drawn  up  by  the  cable  which  winds 
round  a  drum  located  at  the  works  end  of  the  line.  Power  is 
quite  commonly  supplied  to  the  drum,  which  is  thrown  in  or 
out  of  motion  by  the  use  of  somie  style  of  clutch  arrangement, 
directly  from  the  main  shafting  of  the  factory.  When  not  run 
in  this  manner  the  drum  is  actuated  by  a  small  auxiliary  engine 
supplied  with  steam  from!  the  main  boilers.  Whether  one  or  the 
other  is  best  in  a  given  case  depends  essentially  upon  the  elevation 
and  slope  of  the  track  and  the  size  of  car  used  or,  in  other  words, 
the  amoimt  of  power  required  to  do  the  work.  If  considerable 
power  is  necessary  and  the  capacity  of  the  plant  fairly  large,  it 
is  usually  advisable  to  install  a  small  engine  of  the  required 
horse  power  to  run  the  hoisting  drum.  No  matter  if  the  slope 
be  long  and  low,  or  short  and  high,  it  is  possible  to  elevate  the 
olay  materials  in  this  way.  Although,  where  the  gradient  angle 
is  high  and  the  distance  considerable,  the  aerial  or  overhead 
tram  or  ropeway  might  be  eoonomieally  em'ployed.  So  far  as 
known,  this  system  is  not  in  practice  in  the  state,  but  there  ap- 
pear no  valid  reasons  why  it  should  not  prove  efficient  for  this 
purpose.  Its  construction  is  not  excessively  expensive,  it  is  up 
and  out  of  the  way  of  obstructions  and  where  made  use  of  in  otlier 
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industries  it  has  been  shown,  to  be  even  less  expensive  ta  keep  in 
repair  and  to  operate  than,  the  average  rail-track  system. 

The  cars  used  in  this  connection  are  of  three  principal  types, 
viz.,  side,  bottom  and'  end  dump.  Any  of  these  may  be  had  of 
varying  capacitj'  carrying  from  one  up  to  two  or  three  cubic 
yards  of  clay.  Whether  one  style  of  car  or  another  is  used 
depends  on  the  arrangements  for  dumping;  and,  if  a  large  or  a 
small  car,  on  the  amount  of  clay  required  and  the  height  to  which 
it  is  to  be  raised.  For  a  plant  of  an  average  capacity,  say  40,000 
brick  per  day,  fromi  fiftj'  to  sixtj'-five  cubic  yards  of  clay  will  he 
needed.    With  cars  each  earrjing  a  yard  and  a  half  of  clay,  to 
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supply  this  output  would  take  thirtj'-five  or  fort;-  cars  per  day. 
Or,  in  a  working  day  of  ten  hours,  three  to  four  cars  per  hour. 
In    an    ordinarj'     shaie    pit    tliis    would     require    the    work 
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of  eight  to  ten  mea  and  could  easily  be  handled  by 
two  cars.  Instead  of  merely  meeting  the  demand  for 
clay  as  it  is  needed  at  the  preparing  machinerj'  i>rovi8ion 
is  usually  made  for  a  reserve  supply.  Sometimes  sheds  are 
provided  under  which  the  clay  is  accumulated  in  excese  of  what 
is  needed  for  immediate  manufacture.  This  supply  may  be 
drawn  upon  in  periods  of  inclement  weather  or  when  for  any  rea- 
son whatever  clay  is  not  brought  direct  from  the  bank.  The 
supply  shed  is  usually  so  located  as  to  bring  the  clay  as  near  as 
possible  to  the  machinery  in  order  to  reduce  the  expense  of  extra 
handling  to  the  mininaum.  The  common  plan  is  to  elevate  the 
car  track  somewhat  above  the  level  of  the  grinding  apparatus 
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and  dump  the  raw  clay  on  a  platform'  or  into  a  bin  so  tliat  it  may 
be  fed',  largely  by  gravity,  to  the  machine.  Side-dump  ears  would 
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be  convenient  in  dumping  the  clay  off  either  side  of  the  elevated 
track  where  it  is  desired  to  store  up  a  supply  ahead  of  the  ma- 
chines. These  cars  may  also  be  used  in  emptying  to  either  side 
on  a  platform-  when  found  necessary.  An  excellent  arrangement 
is  a  funnel  shaped  bin  opening  below  directly  into  the  dry  pan 
and  surrounded  above  by  a  substantial  platform.  The  cars  are 
run  in  over  this  bin  and  the  clay  emptied  into  it.  When  filled, 
further  supply  may  be  placed  on  the  adjacent  platforms.  The 
clay  is  then  fed  entirely  by  gravity  to  the  pan  by  the  regulation 
of  a  slide  at  the  bottom  of  the  bin.  In  this  case,  bottom  or  end- 
dump  cars  would  be  most  advantageous.  In  most  modem  car 
systems  means  are  furnished  for  automatically  dumping  the 
clay  when  the  cars  reach  a  certain  point  in  their  course.  The 
device  conisists  of  a  projection  or  catch  attached  to  the  track 
which  unlocks  the  doors  of  the  car  as  it  is  tilted  to  the  side 
or  end. 

.Whatever  the  system  of  transportation  made  use  of,  delivery 
of  the  clay  somlewhat  above  the  preparing  machinery  is  always 
advisable.  If  drawn  in  on  cars,  it  can  be  conveniently  carried 
to  a  bin  above  the  dry  pan,  as  previooisly  outlined.  Brought  in 
by  horses  and  carts,  even  though  hauled  up  a  slope,  it  can  better 
be  elevated  a  few  feet  higher  while  on  the  cart  than  be  dimiped 
in  such  a  position  timt  a  lift  of  one  foot  or  more  is  necessary  to 
put  the  clay  into  the  machine.  Arrangements  can  usually  be 
made  for  delivering  the  clay  onto  an  elevated  platform  from 
which  one  man  can  feed  it  into  the  machine.  With  a  slight  slope 
of  the  platform  toward  the  preparing  apparatus,  feeding  is 
much  facilitated.  If  brought  from  the  pit  by  wheeling  in  bar- 
rows, or  by  the  use  of  scrapers,  the  same  principles  can  well  be 
borne  in  mind.  Wherever  horse  or  steam  power  can  replace 
man-labor  a  saving  is  realized.  It  is  less  expensive  to  elevate  the 
raw  clay  higher  to  begin  with,  by  whatever  means  is  used  to 
bring  the  clay  from  the  pit,  than  to  elevate  it  only  part  way,  as 
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is  sometimes  done,  where  it  must  be  re-handled  to  lift  it  to  the 
preparing  machinery.  A  saving  of  labor  is  thus  accomplished 
by  transferring  the  clay  in  such  a  manner  that  gravity  naay  be 
taken  advantage  of  in  doing  the  work. 

PREPARATION  OP  THE  RAW  MATERIAL. 

The  condition  of  the  clay  as  it  comes  from)  the  pit  is  not  ordi- 
narily such  that  it  can  at  once  be  formed  into  ware.  If  it  is  a  hard 
shale  clay,  it  will  require  grinding  and  a  thorough  mixing  with 
water.  If  a  surface  clay,  grinding  is  less  important  but  complete 
mixing  is  necessary.  Reduction  to  fine  particles  is  not  the  only  ob- 
ject in  pulverizing  a  clay.  Clay  banks  seldom  consist  of  material 
constant  in  character  from  top  to  bottom.  By  grinding  and  mix- 
ing, an  average  of  the  bank  is  accomplished.  The  more  the  clay 
is  worked'  with  before  it  is  molded  into  ware,  the  more  perfect 
this  mixture  becomes.  It  is  essential  that  the  composition  of 
the  finished  product  be  as  nearly  constant  as  possible.  The 
burner  will  encounter  fewer  diflSculties  in  obtaining  the  best  re- 
sults if  he  is  unhampered  by  the  necessity  of  continually  adapt- 
ing his  firing  to  a  clay  ware  of  varying  conxposition.  In  order 
to  attain  a  uniform  composition,  which  is  always  desirable,  it 
is  not  only  essential  that  the  different  kinds  of  clay  be  added  in 
certain  proportions,  but  that  the  mixture  be  uniform  in  all  parts 
of  the  same  piece  of  ware.  This  can  only  be  brought  abouit  by 
pulverization  of  the  clay.  This  reduction  of  the  raw  materials 
to  a  degree  of  fineness  which  experience  has  shown  best  for  the 
class  of  goods  to  which  they  are  applied,  and  blending  or  mixing 
these  constituents  into  a  homogeneous  body,  is  aooomj>lished  by 
two  typical  methods,  the  dry  and  the  wet. 

DRY  METHODS  OF  PREPARATION. 

Crushers.— The  first  step  in  the  preparation  of  clay  in  the  dry 
way  is  reduction  to  fine  size.  For  this  purpose,  the  common 
rock  crusher  of  the  Blake  type  is  an  example  of  the  apparatus 
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used.  The  machine  consists  of  twx>  jaws,  one  of  which  is  sta^ 
tionarj'  and  the  other  mounted  to  work  on  a  pivot  The  faces  of 
these  two  jaws  are  set  at  an  angle  sloping  towards  each  other 
at  the  bottom^  thus  forming  a  V-shaped  hopper.  The  movable 
part  is  actuated  by  a  low  eccentric  by  the  revolution  of  which 
the  hopper  is  alternately  narrowed  and  broadened  above  and  the 
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outlet  somewhat  enlarged.  This  back  and  forth  motion  of  one 
side  of  the  hopper  allows  the  rock  fragments  to  gradually  pro- 
gress downwards  until  they  are  fine  enough  to  pass  the  exit 
opening.  The  size  of  the  crushed  material  is  dependent  of  course 
upon  the  size  of  the  exit  In  some  machines  this  is  adjustable.  A 
modification  of  this,  though-  based  upon  the  same  principle,  is  the 
cylindrical  hopper  in  the  center  of  which  is  supported  a  gyrat- 
ing cone-shaped  metal  head  with  corrugated  surface.  This  cen- 
tral cone  is  propelled  fromi  below  by  gearing  and  an  eccentric 
arrangement  which  imparts  to  it  the  gyratory  mjotion.  This 
class  of  crusher  has  a  greater  capacity  than  the  so-called  **jaw 
breaker."  It  requiresi  little  more  power  to  operate,  is  adjustable 
and  also  applicable  to  a  larger  range  of  rook  material.  The 
capacity  of  these  crushing  devices  will  vary  ficQuuiwo  to  two  hun- 
dred tons  per  hour,  depending  upon  the  character  of  the  rock. 
They  may  be  mjade  to  break  as  fine  a®  three-eighths  inch  and  as 
coarse  as  desired.  In  the  clay  industries,  crushers  are  available 
for  breaking  only  dry  and  the  most  brittle  material.  To  reduce  an 
indurated  shale  or  stony  fire  clay  they  may  be  employed.  The 
property  which  clay  possesses  of  packing,  and!  thus  apt  to  clog, 
when  subjected  to  pressure,  although  it  may  apparently  be  per- 
fectly dry,  renders  any  machine  which  comminutes  by  crushing 
inapplicable  except  to  a  very  limited  extent  in  clay  manufacture. 
Rolls.— Crushing  rolls  are  used  to  a  considerable  extent  in  the 
clay  industry,  as  a  means  of  preliminary  preparation  of  both  dry 
and  wet  clay.  Typically  they  consist  of  two  revolving  rolls  be- 
tween which  the  clay  passes.  The  rolls  are  set  distances  apart 
according  to  the  size  of  the  clay  particles  desired  in  the  crushed 
product.  In  some  machines  provision  is  made  for  adjusting  the 
rolls  in  order  to  regulate  the  size  of  the  particles  passing  between 
them.  The  range  of  size  which  rolls  will  take  depends  upon  the 
diameter  of  the  rolls  themselves  and  the  distance  they  are  set 
apart.  The  more  uniform  are  the  lumips  of  clay  given  to  the  ma- 
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chine  the  more  successfully  will  crushing  be  accomplished.  In 
installing  a  machine  of  this  sort,  an  accurate  knowledge  of  the 
character  of  the  clay  to  be  fed  to  it  would  be  necessary  in  order 
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to  select  a  machine  that  would  give  the  highest  possible  ^- 
eienoy.  There  are  mainy  modifications  of  this  simple  type.  In 
a  crusher  with  rolls  of  the  same  diameter  and  which  are  driven 
at  the  same  speed  the  force  which  brealcs  the  rock  fragments  is 
truly  a  crushing  force  and  that  alone.  If  the  size  of  the  two  rolls 
varies,  or  if  they  are  revolved  at  different  velocities,,  an  addi- 
tional strain  is  brought  upon  the  clay  particles  in  the  form  of 
rubbing  friction.  They  are  not  only  drawn  in  between  the  rolls 
which  tend  to  crush  them,  but  tliey  are  subjected  to  the  rending 
influence  of  friction  or  rubbing  between  the  clay  and  the  roll. ' 
This  fact  is  made  use  of  in  the  construction  of  this  class  of  ma- 
chinery, a  large,  slowly  moving  roll  serving  to  draw  in  the  raw 
material  while  a  rapidly  revolving  smaller  roll  furnishes  the 
real  disintegrating  energy.    Often  the  rolls  are  armed  with  pro- 
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jections  which  tend  to  knead  the  clay  nuore  or  less  as  it  passes 
through.  These  projections  are  in  some  cases  rows  of  steel  lugs 
or  pins,  and  in  some  a  series  of  knife  edges  or  cutting  bars  set 
in  the  surface  of  one  or  both  rolls.  Rolls  used  more  especially 
in  the  softer  clays  are  often  faced  with  corrugations  or  winding 
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thread.  Their  kneading  power  is  greater  than  the  smooth  or 
lugged  rolls  and  they  are  more  effective  in  removing  any  large 
lumps  or  stones  from  tlie  clay.  Such  large  or  hard  fragments 
which  the  rolls  will  not  catch  are  gradually  carried  along  the 
pitch  of  the  thread  until  cast  off  at  one  end  of  the  roll. 
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The  excellence  of  tlie  smooth  conical  roll  depends  also  upon  its 
ability  to  remove  foreign  material.  Limestone  or  other  pebbles 
beyond  a  certain  diameter  may  be  sorted  froml  loamy  or  glacial 
clays,  the  revolution  of  the  rolls  carrying  them  towards  the  end 
hajving  the  larger  diameter,  where  they  are  discharged.  A  set 
of  average  sized  rolls  will  prepare  clay  for  25,000  to  150,000 
brick  (95  to  570  tons  of  clay)  per  day,  depending  upon  the  speed 
at  wliioh  it  is  run,  where  the  slay  is  of  such  a  character  as  to 
require  no  other  preparing  machinery. 

Disintegrators.— "Where  variations  in  construction  are  brought 
in  so  that  the  macliine  becomes  more  than  a  mere  crushing  de- 
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vice  tbe  term  disintegrator  is  applied.  Among  disintegrators, 
two  broad  divisions  may  be  made,  those  that  pulverize  partly  by 
■  crushing  and  in  part  by  rubbing,  and  those  In  which  comminu- 
tion is  accomplished  by  the  force  of  impact.  The  former  are 
exemplified  in  the  modified  rolls  considered  above ;  the  latter  by 
two  characteristic  types,  among  wliich  may  be  mentioned  the 
Steadman  Improved  Disintegrator,  the  Simpson  Compoimd 
Pulverizer,  and  the  WilBams  Pulverizer.  The  Steadman  ma- 
chine consists  of  several  revolving  cages  one  inside  of  another. 
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In  Operation,  eacli  cage  turns  in  an  opiiosite  direction  from  the 
cage  nest  outside  of  it  The  clay  is  fed  into  the  innennost  cage 
and  is  carried  outward  by  the  centrifugal  force  of  revolution 
through  the  bars  of  the  consecutive  cages.  By  impact  with 
the  bars  and  among  the  particles  themselves,  the  clay  is  reduced 
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to  a  powder.  The  velocity  of  revolution  is  adapted  to  the  par- 
ticular clay  to  be  ground  and  to  the  degree  of  fineness  required. 

The  Simpson  and  Willianas  machines,  which  will  illustrate  the 
other  type  of  impact  pulverizer,  are  similar  in  principle  of  con- 
struction. They  consist  essentially  of  series  of  bars  or  hammers 
attached  to  a  rapidly  revolving  shaft.  One  series  is  revolved  in 
one  direction  at  a  high  velocity,  a  second  series  in  an  opposite 
direction.  These  hammers  are  swung  from  one  end  so  that  they 
fly  outwards  by  centrifugal  force.  The  clay  is  supplied  through 
a  hopper  from  above  and  is  broken  up  by  impact  with  the  swing- 
ing hammers.  Disintegrators  are  employed  most  advantagei- 
ouBly  with  dry  clays  and  in  the  dry  day  processes  of  manufac- 
ture but  are  also  recommended  for  plastic  materials.  Their 
capacities  vary  with  the  clay  and  with  the  speed  of  revolution. 
They  are  made  with  capacities  of  f  romi  60  to  400  tons  of  clay  per 
day  and  require  from  ten  to  forty  horse  power. 

Dry  Perns.— The:  dry  pan  crusher  is  employed  to  a  greater 
extent  than  any  other  grinding  machine  for  shale  and  other  hard 
and  lumpy  clays.  It  has  a  wide  range  of  usefulness  because  of 
its  ability  to  pulverize  any  hard  material,  from  worn-out  fire 
bricks  for  use  as  grog,  and  hard  limiestone  in  the  cement  indus- 
try, to  the  less  refractory  classes  of  raw  clays.  The  machine 
consists  essentially  of  a  revolving  metal  pan  above  which  are 
supported  two  large  muUers  which,  in  different  sized  pans,  range 
in  weight  from  two  to  three  tons.  These  muUers  are  held  in 
position  by  horizontal  shafts.  In  some  machines  both  are 
mounted  on  tlie  same  axle,  while  in  others  the  axle  is  divided  and 
each  roller  is  allowed  to  act  independently  of  the  other.  The 
extremities  of  the  axles  are  set  in  grooves  so  that  the  latter  are 
free  to  move  up  and  down  as  the  mullers  encounter  large  or  small 
lumps  of  clay.  An  advantage  is  found  in  the  segmiented  axle 
in  the  fact  that  the  movements  of  one  miuller  do  not  affect  the 
other.    Where  the  shaft  is  continuous,  the  rising  of  a  muUer  on 
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one  side  imposes  an  extra  strain  on  the  opposite  one  which  may 
loosen  it  or  tend  to  wear  off  its  outer  rim  excessively.  The  mul- 
lers  are  actuated  through  contact  with  the  revolving  pan. 
They  are  commonly  allowed  to  rest  their  whole  weight  on  the  pan 
floor  so  that  each  particle  passing  beneath  them  is  subjected 
to  a  crushing  force  equal  to  their  actual  weight.  For  use  with 
bowldery  clays  where  it  is  not  desirable  to  crush  the  harder 
pebbles  to  a  fineness  such  that  they  will  pass  the  screen  plates 
in  the  pan  bottom  machines  are  constructed  in  which  the  muUer 
bearings  are  carried  on  strong  springs  so  that  they  will  easily 
ride  over  an  obstacle  without  necessarily  crushing  it;  or  in 
somie  casesj  the  crushers  are  suspended  a  small  distance  above 
the  pan  bottom  and  clay  passing  under  them  is  necessary  in 
order  to  start  them  into  motion.  This  style  of  pan  is  used  in  the 
reduction  of  soft  glacial,  bowlder  clays  or  of  those  containing  ob- 
jectiqnable  cjoncretions  of  any  kind  which  are  considerably 
harder  than  the  clay  mass  proper.  The  inner  portion  of  the  pan 
floor,  upon  which  the  muUers  rest,  is  solid.  The  outer  portion 
has  a  perforated  bottom  and  the  clay  after  passing  beneath  the 
rollers  is  carried  outward  over  the  screen  plates  by  the  centrifu- 
gal force  of  revolution.  The  mesh  varies  with  the  clay  and  with  the 
degree  of  fineness  desired,  but  the  majority  of  pansi  are  made 
with  three  thirty-seconds  or  one-eighth  inch  perforations.  AH 
material  Tailmg  to  pass  this  mesh  is  gathered  in  By  scrapers  set 
so  as  to  throw  it  again  immediately  in  front  of  the  revolving 
mullers.  The  ground  clay  passing  the  screen  plates  is  caught 
in  a  receptacle  beneath  the  pan  and  concentrated  aji  the  foot  of 
an  elevator  which  conveys  it  to  the  screens. 

Dry  pans  are  constructed  with  either  wood  or  steel  frames. 
Whatever  the  material  of  the  supporting  framework,  it  must  be 
substantial  and  built  to  withstand  constant  jar  and  heavy  jolt- 
ing. The  steel  frame  is  more  rigid  and  affords  less  relief  for 
any  extra  strains  brought  upon  the  machine  than  does  the  wood, 
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which,  while  it  must  of  necessity  be  more  massive  and  clumsy, 
has  a  certain  give  and  elasticity  that  enables  the  working  parts 
to  adjust  themselves  to  all  varieties  of  usage.  On  the  other  hand, 
the  wood  frame  while  requiring  less  care  in  operation,  is,  on 
account  of  the  constant  jar,  much  more  apt  to  get  out  of  true  line 
because  of  loose  bolts,  etc.,  than  are  the  steel  framie  pans.  The 
initial  cost  of  a  wood  frame  pan  is  low  but  the  expense  for  repair 
is  usually  greater  tlian  for  steel.  The  elasticity  that  a  wood  frame 
possesses  means  the  consumption  of  more  power  in  operating 
than  with  a  perfectly  rigid  frame. 

The  revolving  pan  is  propelled  through  a  vertical  shaft  with 
a  heavy  cogwheel  pinion  either  below  the  pan  or  at  the  top  of 
the  frame  above  the  muUers.  The  top  gearing  is  almost  univers- 
ally used  as  it  is  up  and  out  of  the  way  and  not  so  subject  to  the 
eflfects  of  dust  and  grit  as  it  would  be  if  located  beneath  the  pan. 
Perhaps  the  most  vital  jwint  in  the  construction  of  the  dry  pan 
is  the  support  or  *^step"  beneath  the  pan  which  carries  as  dead 
weight  practically  all  of  the  working  parts  of  the  machine.  Not 
only  must  it  support  this  load,  but  its  bearings  must  be  such  that 
it  can  do  this  and  at  the  same  time  serve  as  a  center  of  revolution 
for  the  pan  itself.  The  pan  should  be  well  balanced  and  means 
provided  for  constant  and  perfect  lubrication  of  the  parts  of 
this  bearing  as  it  is  difficult  to  make  it  dust  proof  and  it  will 
soon  out  out  or  continually  heat  by  friction.  Several  patent 
**  steps"  have  been  devised,  some  of  which  have  attained  a  greater 
or  less  measure  of  success. 

Dry  pans  are  made  from  five  to  nine  feet  in  diameter  with 
moiUers  having  eight  to  fourteen-inch  face.  The  power  required 
to  drive  one  of  these  pans  depends  u|x>n  the  materials  to  be 
ground'  and  the  degree  of  fineness.  So  far  as  economy  is  con- 
cerned, they  are  wasteful,  but  no  other  machine  lias  been  found 
that  will  replace  the  dry  pan  with  an  equal  expenditure  of  j>ower. 
Likewise,  its  capacity  is  variable.    With  an  average  drj^  clay,  it 
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nmy  be  said  that  a  nine  foot  pan.  will  pulverize  to  pass  a  one- 
eighth  mesh  screen  over  one  hundred  tons  per  day  of  ten  hours. 

Ball  Mills. — Ball  mills  are  employed  in  the  preparation  of 
clay  in  the  manuf  aetuxe  of  some  of  the  finer  grades  of  wares, 
where  fine  grinding  and  intimate  mixture  of  ingredients  is  espec- 
ially important  They  consist  of  a  hollow  cylinder  that  rotates 
on  a  horizontal  axis  and  into  which  the  day  to  be  ground  is 
admitted  through  an  opening  at  one  side  or  end.  The  machine  is 
chairged  with  the  clay  andl  balls  (which  fill  about  one-third  of  the 
volume  of  the  cylinder)  of  some  hard  material,  quite  commonly 
iron,  although  where  it  is  essential  that  the  clay  be  as  free 
from/  iron  as  possible,  porcelain  balls,  or  water  worn  Iceland 
flint  pebbles  are  used.  The  material  i^  pulverized  by  abrasion 
or  rubbing  friction  between  these  balls  as  they  are  caused  to 
move  upon  each  other  by  the  rotation  of  the  cylinder.  There 
are  two  principal  types  of  ball  mills  which  may  be  designated  as 
the  intermittent  and  the  continuous.  The  former  are  those  which 
are  run  with  a  given  charge  until  the  requisite  degree  of  fineness 
is  attained  when  this  is  removed  and  another  charge  put  in. 
This  class  of  apparatus  may  be  used  to  grind  either  in  the  dry 
state  or  with  the  clay  suspended  in  water  as  a  slip.  The  latter 
or  continuous  class  includes  the  more  improved  types  of  ball  mills 
for  turning  out  a  large  product  of  fairly  finely  ground  materials. 
They  are  so  arranged  that  the  raw  ingredients  are  fed  in  at  one 
end  of  the  rotating  cylinder  and  gradfually  work  their  way  towards 
the  other  end,  becoming  finer  and  finer  until  they  are  discharged 
in  the  desired  state  of  comminution  when  the  opposite  end  of  the 
drum  is  reached.  The  continuous  ball  mill  is  in  use  very  little, 
if  at  all,  in  this  country  but  is  rapidly  coming  into  use  in  Ger- 
many. The  periodic  mill  is  used  to  some  extent  by  the  potteries 
of  this  country. 

With  the  exception  of  the  shales,  the  large  number  of  clays 
are,  as  they  come  in  from  the  bank,  already    in    a    partially 
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weathered  or  plastic  xM>ndition.  It  is,  therefore,  not  necessary 
to  grind  these  clays  before  water  is  added  for  temlpering,  but 
grinding,  mixing  and  tempering  may  be  accomplished  in  the 
same  operation.  Such  clays  as  may  have  concretionary  matter 
scattered  through  them',  which  must  be  finely  divided'  and 
thoroughly  disseminated  throughout  the  mass  before  molding, 
require  the  use  of  a  crufihing  device  to  attain  this  end. 

WET  METHODS  OF  PREPARATION. 

Wet  Pan. — As  has  been  noted,  some  styles  of  rolls  will  work 
with  plastic  clays,  and  some  disintegrators  will  pulverize  either 
the  wet  or  the  dry  clay.  Ordinarily,  however,  either  apparatus 
mTist  be  aooompanied  by  some  other  machine  to  complete  the  tem^ 
pering.  By  tempering  is  meant  the  process  of  working  the  clay  up' 
to  the  plastic  state  with  water.  For  grinding  andl  tempering  in*  the 
same  operation,  where  the  clay  has  com0  from  the  bank  in  the 
plastic  condition  or  has  come  from  some  other  grinding 
machine,  the  wet  pan  has  given  good  satisfaction.  In  construc- 
tion, the  wet  pan  does  not  differ  essentially  from  the  dry  pan. 
consisting  of  a  revolving  i^an  in  which  grinding  is  accomplished 
by  two  heavy  muUers.  The  muUers  are  usually  somewhat  nar- 
rower and  the  floor  of  the  pan  is  solid  instead  of  perforated  as  in 
the  dry  pan.  The  clay  may  be  shoveled  or  spouted  into  the  wet 
pan,  the  proper  amount  of  water  is  supplied,  and  the  clay  is 
ground  and  mixed  to  the  required  consistency.  Without  stop- 
ping the  machine,  a  charge  of  tempered  clay  is  usually  trans- 
ferred from  the  pan  to  a  conveyor  by  the  operation  of  a  shovel 
mounted  on  a  pivot  close  by  the  pan.  The  work  of  a  wet  pan 
can  scarcely  be  said  to  be  continuous  as  it  is  necessary  to  treat 
each  charge  separately,  then  remove  it  before  more  clay  can  be 
supplied.  Because  of  this  fact,  it  has  a  smaller  capacity  than  a 
dry  pan  of  corresponding  size  and  it  is  fully  as  wasteful  of  power. 
But  even  under  these  conditions,  the  machine  is  doing  double 
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work,  that  of  grinding  and  tempering,  and  no  other  machine 
has  been  shown  to  be  so  effective  as  this.  In  the  stoneware  pot- 
teries of  the  state,  and  in  the  sewer  pipe  factories,  the  wet  pan  is 
employed,  in  some  cases,  as  the  soil  clay  preparing  apparatus 
and  it  is  peculiarly  efficient  for  blending  clays  of  different 
natures  into  a  homogeneous  bodiy.  If  used  on  day  direct  from 
the  bank,  however,  since  there  is  nothing  to  serve  the  purpose 
of  a  screen,  there  is  always  a  chance  that  small  lumps  may  evade 
the  crushing  muUers  and  find  their  way  into  the  ware  unground ; 
so  that  in  applying  the  wet  pan  to  any  clay,  there  is  always  this 
limitation  to  be  borne  in  mind.  A  modification  of  the  wet  pan 
called  the  chaser  or  **  tracer ''is  used  to  some  extent  in  the  stone- 
ware potteries.  The  general  plan  of  this  machine  is  the  same 
as  the  wet  pan-  but  instead  of  the  moving  pan,  the  rolls  are  made 
to  chase  each  other  in  a  stationary  pan.  In  some  machines  of 
this  type,  the  muUers  follow  in  a  circle  of  constant  diameter; 
in  others,  they  are  made  to  trace  a  spiral  course  gradually 
approaching  the  circumference  of  the  pan,  then  receding  to- 
wards the  ceiiter,  thus  covering  substantially  the  whole  pan  bot- 
tom in  the  course  of  a  few  revolutions. 

Pug  il/iW.— Like  the  wet  pan,  the  pug  mill  is  frequently  used 
alone  for  commingling  and  temfpering  plastic  clays.  Its  main 
use,  though,  is  in  conjunction  with  other  machinery  by  which 
the  clay  is  given  a  preliminary  preparation.  The  pug  mill  is 
used  more  than  any  other  machine  for  tempering  clay,  in  the 
manufacture  of  paving  brick  especially,  but  also  largely  in  the 
drain  tile  and  building  brick  industries.  The  pug  mill 
consists  of  a  semi-cylindrical  trough,  usually  of  steel, 
though  sometimes  made  of  wood,  in  which  a  series  of  pro- 
jecting knives  is  mounted  on  a  revolving  shaft.  The  steel  shells 
are  miade  from*  six  to  fourteen  feet  long.  Tihe  knives  are  set 
spirally  around  the  shaft  and  each  placed  at  an  angle  with  its 
plane  of  revolution.    The  clay  is  thus  gradually  pushed  forward 
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by  tlie  revolutions  of  the  cutting  knives  with  a  velocity  dei>en<iing 
uix)n  tlie  angle  at  which  the  blade  is  set  and  upon  the  speed  of  i-ev- 
olution.  Quite  stony  clays  may  thus  be  reduded  without  tlie  aid  of 
any  other  preparing  machine,  especially  if  the  pug  mill  is  of 
the  closed-top  pattern.  In  the  closed-top  mill,  the  clay  is  worked 
under  pressure,  which  gives  the  cutting  knives  much  greater 
effectiveness  than  in  the  open-top  machine. 

The  common  pug  mill  is,  however,  pre-eminently  a  mixing 
machine.  It  is  efficient  for  tempering  powdered  raw  clays,  in 
mixing  them  with  sand,  chamotte  or  other  non-plastic  matter, 
and  in  blending  clays  of  diflferent  character.  The  capacity  of 
pug  mills  is  difficult  to  state,  depending  ao  much  on  the  dimen- 
sions of  the  mill  and  the  nature  of  the  clay.  With  a  good  work- 
ing clay,  a  pug  mill  will  temper  clay  in.  ten  hours  for  25,000  to 
60,000*  brick,  according  to  its  size. 

For  wet  clay  preparation,  the  wet  pan  and  pug  mill  already 
referred  to  constitute  the  most  miodern  devices.  Because  of 
their  historical  interest,  however,  and  since  they  are  still  in  use 
in  the  state  to  a  limited  extent  even  at  the  present  day,  sliould 
be  mentioned  the  primitive  soak  pits  and  wooden-armed  pug 
mills.  These  were  the  only  clay-tempering  devices  used  before 
the  manufacture  of  <flay  goods  from  clays  and  shales  which  re- 
quire grinding  was  undertaken.  They  are  still  employed  in 
working  only  the  loess  and  alluvial  clays  and  well  weathered, 
plastic  shales. 

Soaking  Pit. — The  pit  for  soaking  is  dug  in  the  ground  to  a 
depth  and  size  depending  upon  the  capacity  required,  usually  four 
or  five  feet  deep  and  six  to  twelve  feet  in  diameter.  It  may  be 
rectangular  or  circular. 

The  clay  is  shoveled  into  the  rectangular  pit,  wet  with  water, 
and  simply  allowed  to  stand  till  thoroughly  penneated.  This 
may  take  over  night,  after  which  the  clay  is  shoveled  out  to  the 

*  H.  Rise.    Clays  of  Nevr  York.    Balletin  85,  N.  T.  State  Museum,  p.  eoo. 
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pug  mill.     The  old  style  wooden  pug  consists  of  an  upright 

enclosed  framework  inside  of  which  revolves   a  vertical  shaft 

set  with  projecting   wooden  arms.     To  the  upper  end  of  this 

shaft  is  attached  a  sweep,  by  means  of  which  the  mill  is  operated 

by  horse  power.    The  clay  is  put  in  at  the  top,  well  worked  by 

the  pugging  arms,  and  issues  at  the  bottom  ready  for  molding. 

Built  on  a  circular  plan,  the    pit  is  usually  not  so  deep  but 

larger  in  diameter  and  is  walled  up  with  boards  or  brick.    The 
object  in  making  it  this  shape  is  to  provide  for  tempering  and 

mixing  at  the  same  operation. 

The  clay  is  shoveled  in,  water  and  sand  added,  and  the  mixing 
is  accomplished  by  the  revolution  of  a  heavy  wheel,  so  supported 
that  in  the  course  of  a  few  circles  it  covers  practically  the  whole 
area  of  the  pit  from  center  to  circumference.  At. the  end  of 
this  process,  the  clay  goes  to  the  molding  machinery. 

The  same  style  of  mixer  is  made  use  of  to  some  extent  in 
preparing  impure  clays  for  earthenware  and  stoneware  manu- 
facture. In  these  instances  the  clay  is  mixed  and  stirred  and 
enough  water  furnished  to  bring  it  to  the  slurry  condition.  It 
is  then  tapped  off  at  one  side  into  a  settling  tank  located  at  a 
somewhat  lower  level  than  the  mixing  pit.  In  passing  from!  the 
mixing  pit  to  the  settler,  the  clay  is  run  over  screens,  having  60 
to  70-mesh  openings.  These  sieves  retain  any  concretionary 
impurities  or  other  substances  which  have  not  been  reduced  to 
a  very  fine  condition.  As  the  slip  passes  over  them,  the  sieves 
are  constantly  agitated  and  the  concretionary  or  lumpy  material 
is  thrown  off  outside  the  tank.  The  water  with  the  clay  in 
suspension  is  usually  allowed  to  stand  until  evaporation  has 
left  the  clay  at  a  workable  consistency.  With  clays  containing 
impurities,  this  is  a  verj^  inadvantageous  method  of  procedure 
as  on  evaporation  of  the  water  all  the  dissolved  salts  are  depos- 
ited in  or  at  the  surface  of  the  bed  of  clay.  An  expedient  in  this 
case  would  be  to  tap  off  all  supernatant  water  as  soon  as  the 
subsidence  of  the  susj^ended  clay  particles  has  left  it  clear. 
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There  are  few,  if  any,  of  the  different  machines  for  grinding 
dry  clays  that  reduce  them  to  particles  of  such  a  uniform  size 
that  a  later  grading,  process  is  not  required.  Grading 
is  accomplished  by  means  of  screens.  Screens  are  made 
with  meshes  depending  principally  upon  the  size  of  par- 
ticles* to  pass  them  althougji,  as  will  be  seen  later,  partly  upon 
the  style  of  screen  employed.  There  are  two  classes  of  materials 
used  in  the  manufacture  of  clay  screens,  wire  netting  and  per- 
forated metal.  The  former  is  much  used,  but  less  and  less  as  the 
merits  of  the  latter  become  known.  The  proportion  of  open 
space  to  solid  metal  in  the  perforated  screen  as  now  made  ai>- 
proximates  that  of  the  wire  screen,  which  gives  it  an  equal 
screening  power.  The  perforated  screen  being  entirely  in  one 
piece  is  smooth,  and  there  is  not  the  chance  for  roots  or  other 
fibrous  matter  to  lodge  in  the  meshes  that  there  is  in  the  wire 
screen.  It  is  thus  easier  to  clean  and  to  keep  clean.  The  loosen- 
ing of  a  single  wire  is  apt  to  disable  the  wire  screen  while  the 
metal  is  not  subject  to  this  disadvantage. 

There  are  three  chief  types  of  screens,  viz.,  the  inclined  sta- 
tionary screen,  the  inclined  vibrating  screen  and  the  rotary 
screen. 

Inclined  Stationary  Screen:  The  inclined  screen  is  essentially 
a  rectangular  trough,  the  bottom!  being  covered  with  netting  or 
perforated  metal.  Its  length  varies  from  ten  to  fourteen  feet.  The 
trough  is  inclined  at  an  angle  of  thirty  to  fortj^-five  degrees,  ac- 
cording to  the  size  of  particle  that  is  to  pass  the  mesh  of  the  screen, 
and  the  condition  of  the  clay.  It  should  be  so  supported  that  the 
indination  miay  be  adjusted.  The  clay  is  brought  up  by  an  eleva- 
tor from  the  grinding  apparatus  and  dumped  onto  the  upper 
end  of  the  screen.  Its  fall  over  the  screen  is  due  to  gavity  alone 
and  at  a  certain  inclination  will  have  a   definite  velocity;  and 
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hence  a  specific  ma-\imum  size  of  particle  will  pass  the  mesh 
under  the  conditions.  This  size  of  particle  will  be  smaller  than 
the  absolute  size  of  the  openings.  If  the  inclination  is  lowered, 
the  particles  passing  the  screen  will  approach  the  actual  size  of 
the  mesh.  The  lower  tlie  angle,  however,  the  more  care  is  r€s 
quired  to  keep  the  screen  clean.  Clay,  passing  through  the 
screen  falls  to  a  trough  below  and  is  conveyed  to  a  bin  best  lo- 
cated immJediately  above  the  tempering  machine.  Particles  too 
coarse  to  pass  the  mesh  of  the  screen  run  into  a  separate  chute 
and  are  carried  hack  to  the  pulverizing  machine. 

Inclined  Vibrating  Screen:  The  inclined  shaking  screen  is 
similar  in  constraction  to  the  fixed  screen  except  that  it  is  much 
shorter  and  is  set  at  such  a  low  angle  of  inclination  that  mechani- 
cal aid  is  used  to  cause  a  continual  downward  movement  of  the 
stream  of  clay.  The  screen-bottomed  trough  is  in  this  case 
swung  by  chains  or  springs  or  other  means  of  support,  so  that 
either  a  longitudinal  or  a  lateral  movement  may  be  given  to  it. 
This  miovement  is  imparted  by  either  an  eccentric  or  crank. 
The  clay  is  thrown  on  the  screen  as  before  and  if  the  impulse 
given  to  the  screen  be  longitudinal,  the  clay  is  gradually  car- 
ried downwards  by  repeated  little  jumps  in  the  direction  of  vi- 
bration. If  the  vibration  be  transverse,  the  clay  will  be  thrown 
from  side  to  side  and  will  move  to  the  lower  end  of  the  screen  mjore 
slowly  than  in  the  former  case.  Within  limits,  the  longer  the  time 
required  for  the  clay  to  pass  the  length  of  the  screen  the  more  per- 
fectly  will  screening  be  accomplished,  and  in  all  instances  with  this 
style  of  screen,  the  maximum  size  of  the  particles  passing  it  is 
approximately  the  diameter  of  the  mesh.  It  is  to  be  recommended 
in  the  use  of  this  class  of  screen  that  sufficient  play  be  provided  in 
the  vibrating  device  that  a  brief  pause  is  allowed  at  the  extremity 
of  each  swing.  There  should  be  provided  solid  blocks  or  posts 
against  which  the  screen  is  brought  to  a  sudden  stop  with  each 
vibration.     The  repeated  jar  thus  imparted  with  each  swing  is 
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very  effective  in  keeping  the  meslies  open,  especially  if  the  clay 
happens  to  be  damp. 

The  operation  of  the  shaking  screen  consumes  considerable 
power  and  subjects  the  factory  building  to  a  continual  jar,  both 
of  which  are  avoided  in  the  use  of  the  stationary  screen.  There 
is  little  difference  in  the  cost  of  construction.  Figuring  alone  on 
the  basis  of  the  amjount  of  clay  screened,  the  vibrating  screen  gives 
a  much  higher  efficiency  and  they  both  require  more  or  less  con- 
stant attention  while  in  operation. 

Rotary  Screens:  There  are  two  principal  types  of  rotating 
screens,  cylindrical  and  polygonal.  The  cj^lindrifeal  screen  is 
sometimes  modified  to  the  frustum  of  a  cone.  The  polygonal  is 
made  with  a  varying  number  of  sides  and  its  cross  section  may  be 
anything  from  the  square  to  the  dodecagon. 

The  rotary  screen  consists  of  an  open  framework  covered  or 
lined  with  screen  material,  either  wire  cloth  or  perforated  steel 
plate.  The  clay  is  fed  in  at  one  end  and  that  which  does  not  pass 
the  mesh  makes  its  exit  at  the  other.  That  which  passes  falls  to 
a  bin  beneath.  If  the  screen  is  a  true  cylinder  or  is  prismiatic  in 
form  it  is  set  at  a  low  slope  so  that  its  rotation  will  cause  the  clay 
to  progress  from  one  end  to  the  other.  If  a  section  of  a  cone  or 
pyramid,  the  taper  of  the  screen  itself  will  bring  about  the  gradual 
moyement  of  the  clay.  The  screen  is  driven  by  gearing  on  a  cen- 
tral shaft. 

The  framework,  which  is  wood,  is  sometimes  placed  outside  and 
somfetimjes  inside  of  the  screen.  Advantage  is  claimed  for  the  lat- 
ter, for  it  tends  to  carry  the  clay  farther  up  before  it  is  dropped 
back  with  each  revolution,  thus  giving  greater  screening  jwwer. 
This  also  consimaes  more  power  than  where  the  inside  is  smooth. 
Similarly  the  polygonal  screens  have  a  greater  capacity  than  the 
circular,  owing  to  the  ability  to  lift  tlie  clay  higher  before  it  is 
dropped  back  against  the  bottom  of  the  screen.  The  screening 
force  in  the  rotating  screen  is  simply  the  force  of  impact  of  the 
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clay  particles  with  the  metal  of  the  screen  aa  they  continually 
drop  back,  having  been  carried  up  by  revolution  beyond  the  stable 
angle.  This  force  is  not  great  and  is  one  of  the  reasons  why  rotary 
screens  ordinarily  give  more  trouble  to  keep  themi  clean  than 
inclined  screens.  For  the  purpose  of  keeping  the  screens  clean, 
several  devices  are  employed.  Some  have  brushes  inside  which 
by  contact  with  the  screen  clear  it  of  adhering  and  wedged  parti- 
cles and  keep  it  from  clogging.  Such  metal  brushes  are  often 
placed  on  the  exterior,  but  in  either  instance  their  contact  with  the 
screen  must  be  so  heavy  and  continuous  that  the  metal  is  rapidly 
worn  away.  In  fact,  the  brushes  in  mlany  cases  determine  the  life 
of  the  screen.  Automatic  pounding  instruments  are  resorted  to 
to  accomplish  the  same  end.  Short  pieces  of  chain  or  heavy  rope 
or  wood  are  fastened  to  a  rapidly  rotating  shaft  above  the  screen 
and  as  they  swing  round  keep  up  an  incessant  pounding  on  the 
outer  surface  of  the  screen.  This  is  fairly  effective  but  it  is  dam- 
aging to  Uie  screen. 

Of  the  types  discussed,  the  ftsed  inclined  screen  is  the  cheapest 
in  construction,  needs  the  least  repair  and  requires  no  ix>wer  to 
operate.  Because  of  its  necessary  length,  it  requires  a  higher 
building  than  the  others  and  consequently  the  elevation  of  the 
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ground  clay  this  extra  height.  Its  actual  screening  capacity  is 
lower  than  either  of  the  otliers,  but  can  ordinarily  be  made  ample 
to  the  demands  of  the  plant 

The  shaking  screen  is  an  efficient  method  of  screening  clay, 
though  requiring  some  power  to  operate,  and  it  is  somewhat  detri- 
mental in  ita  vibratory  effect  upon  the  building.  Of  the  two  kinds 
of  shaking  screens,  the  transverse  has  proved  in  general  best.  It 
requires  less  attention  to  keep  it  clean  than  any  other  screen  in 
use  and  has  a  relatively  high  capacity. 

Of  the  rotary  screens,  the  polygonal  fonn  has  greater  capacity 
than  the  circular  or  conical,  and  any  of  the  st>-les  with  the  frame- 
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work  inside  do  better  work  than  those  Trith  tlie  exterior  frame- 
work. Anything,  however,  which  roughens  or  makes  the  inside 
uneven  or  angular,  whether  it  lessens  in  extent  the  screening 
surface  or  not,  necessitates  the  expenditure  of  a  greater  amount 
of  power.  The  rotary  screens  all  require  more  care  than  the 
inclined  and  are  in  general  shorter  lived. 

The  Dunlap  Screen.— The  Dunlap  is  a  sectional  revolving 
screen.  The  screen  plates  are  attached  to  sprocket  chains  on 
each  side  and  travel  upward  on  an  inclined  framework.  There 
are  four  attacliments  for  each  plate,  two  on  each  side,  one  attach- 
ment is  at  the  forward  edge  of  the  plate  and  the  other  is  at  the 
center,  permitting  the  plates  to  travel  around  the  sprocket  wheels 
without  friction  or  binding.  The  screened  clay  after  it  passes 
through  the  perforated  plates  drops  onto  a  floor  which  is  between 
the  upper  and  lower  sheets  of  plates.  The  floor  is  more  highly 
inclined  than  the  screen,  thus  facilitating  the  delivery  of  the  fine 
clay  at  the  lowier  end  where  it  falls  onto  the  reverse  side  of  the 
perforated  plates  and  is  disdiargedl  into  a  bin  below  as  those 
plates  circle  tlie  lower  sprocket.  The  tailings  flow  over  the  lower 
end  of  the  screen  and  are  returned  to  the  pulverizing  machinery. 
Curtains  may  be  supplied  to  retard  the  flow  of  the  clay  and  a 
rotaiy  brush  is  provided  for  cleaning  the  screen  autoonatically. 

Storage  bins  are  usually  provided  for  the  reception  of  the 
ground  clay.  In  a  bin  of  considerable  size,  several  cubic  yards 
may  be  stored  for  use  when  the  preimring  machinery  is  not  in 
oi)eration.  A  convenient  shape  for  the  storage  bin  is  that  of  a 
large  hopj^er,  broad  above,  with  a  long  taper  to  a  rjelatively 
small  opening  in  the  center  of  the  bottom.  The  bin  should  be 
as  high  and  its  sides  as  steep  as  is  feasible,  since  there  is  always 
the  tendency  of  pulverized  clay  to  pack  and  to  bank  up  under 
the  most  favorable  conditions.  For  this  reason,  if  the  clav  is 
conveyed  from  the  bin  to  the  pug  mill  or  auger  machine  by  a 
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spout,  the  latter  will  furnish  a  more  constant  supply  of  clay 
and  cause  less  trouble  if  it  is  large  and  uniform  in  size  or  even 
broader  below  than  is  the  opening  from  the  bottom  of  the  bin. 


THE  FORMATION  OF  CLAY  WARES. 

In  the  following  discussion  of  the  manufacture  of  clay  wares 
consideration  is  given  only  to  the  classes  of  products  that  are 
made  within  the  state,  viz.,  brick,  tile,  sewer  pipe,  hollow  block 
and  lottery.     The  outline  indicates  the  different  methods  used. 


Manufacture  of  brick 


Wet f  Soft  mud...  {   M*°bine. 

(   Stiff  mud.. .  <(    Machine. 


Dry •{    Machine. 

^""""blo^^^^^^^  ^    Stiff  mud...  ^    Machine. 

Manufacture  of  sewer  pipe •{  Wet ....  ....•{    Stiff  mud  . .  -{    Machine . 

Manufacture  of  pottery {  Wet {  Machine. 

MANUFACTURE  OP  BRICK. 

As  indicated  in  the  outline,  the  wet  method  of  brick  making 
may  be  subdivided  into  the  soft  and  stiff  clay  processes.  In  the 
first  instance,  the  clay  is ,  mixed  with  a  larger  percentage  of 
water  than  in  the  last,  and  because  of  its  resulting  soft  and 
muddy  nature  requires  different  treatment.  Measures  must  be 
taken  to  prevent  the  clay  sticking  to  the  molds.  The  large 
amount  of  water  necessitates  extra  precautions  in  drying.  The 
clay  will  shape  more  readily  but  is  more  easily  deformed  while 
wet. 

Soft  Mud :  The  primitive  way  of  molding  brick  was  by  forc- 
ing the  wet  clay  into  wooden  miolds  by  the  hands.  On  the 
smaller  yards  this  method  is  still  employed  at  tfie  present  time. 
The  clay  is  usually  mixed  in  the  wooden  armed  pug  mill  de- 
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scribed  on  a  preceding  page.  It  is  forced  out  in  a  heap  at  the 
bottom  of  the  mill  on  the  opposite  side  from  the  soak  pit  from 
which  the  clay  is  shoveled  into  the  mill.    The  "molder"  takes 
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with  the  hands,  pieces  of  tlie  clay  of  sufficient  size  to  make  one 
brick,  and  brings  it  forcibly  down  into  the  mold  which  has  been 
previously  sanded.  The  clay  is  of  the  correct  consistency,  when 
it  will  just  retain  its  shape,  and  yet  is  soft  enough  to  fill  the  mold 


perfectly.  The  molds  are  made  in  frames,  each  frame  contain- 
ing four  to  six  or  seven  each.  At  each  end  of  the  frame  is  a 
handle,  so  that  it  may  be  carried.    When  a  section  is  filled  the 
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top  is  stroked  off  even  with  a  small  wire  or  thin  blade  to  which 
handles  are  attached.  The  "oifbearer"  then  takes  the  filled 
molds  to  the  dry  yard,  where  the  bricks  are  turned  out  on  the 
ground  to  dry,  or  empties  them  onto  pallets  and  places  them  in 
racks  under  sheds.  One  man  will  mold  four  to  five  thousand 
briek  in  a  day. 


Fio.  la.    BIdb  Pit,  Carl  HsgemslateT,  UnBcatli 


On  some  yards  the  clay  is  tempered  in  ring  pits  located  at 
the  border  of  the  dTj'ing  yard.  Frona  these  pits  the  clay  is  com- 
monly hauled,  a  wheelbarrow  load  at  a  time,  to  portable  molding 
tables,  situated  centrally  on  the  yard.  Each  molder  shovels  and 
hauls  his  own  clay  and  dmnps  his  briek  on  the  yard  after  mold- 
ing. It  hafi  been  found  advantageous  to  engage  workmen  on  the 
basis  of  so  many  briek  delivered  on  the  yard  as  a  day's  work.  An 
average  molder  emlployed  on  this  basis  will  make  sixteen  hun- 
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dred  brick  in  six  hours.    If  the  demand  is  great,  a  premium  is 
occasionally  paid  for  extra  work. 

Soft  mud  brick  are  mlade  with  machines  especially  devised  for 
working  the  clay  into  molds  similarly  constructed  to  those  used 
in  hand  molding.  The  soft  mud  brick  machine  is  built  on  both 
the  horizontal  and  the  various  plans.  It  consists  essentially  of  a 
pugging  mill  in  the  lower  part  of  which  the  clay  is  forced  into 
molds  by  means  of  press  plates  or  plungers  actuated  by  wooden 
or  steel  cranks.  The  molds  to  receive  the  clay  are  set  in  frames 
and  hold  from  four  to  eight  brick.  They  are  fed  into  the  machine 
from  the  side  immediately  beneath  the  press-box  and,  when  filled 
are  automatically  pushed  forward  to  the  '* striker  off,"  who  by 
means  of  a  small  wire  or  blade  strikes  the  clay  off  even  with  the 
top  of  the  molds. 

The  sanding  of  the  molds  is  an  important  part  of  the  process. 
They  are  either  sanded  by  hand,  that  is,  by  pouring  sand  into 
each  of  the  molds,  which  haive  been  previously  dampened 
the  molds  then  being  shaken  and  the  sand  dumped  out; 
or  by  the  use  of  a  mold-sander.  This  apparatus  consists 
of  a  rotary  framework  into  wliich  the  molds  are  placed. 
The  frame  is  rotated  inside  of  a  cylindrical  shell  in  the  lower 
portion  of  which  is  sand,  filling  the^  molds  with  the  latter  and 
dumping  them  as  they  go  round.  A  good  grade  of  fine  sharp 
sand  is  best  for  this  purpose. 

The  machine  is  ordinarily  located  so  that  the  clay  is  dumped 
directlv  into  it  from  above  or  shoveled  into  it  from  an  elevated 
platform.  The  clay  is  at  this  point  supplied  with  the  correct 
amount  of  water  for  tempering.  The  persons  necessarj^  to  oper- 
ate the  soft  mud  machine  are,  one  to  feed  and  temper  the  clay, 
one  to  strike  off  the  molds,  one  to  sand  and  feed  the  molds  into 
the  machine,  two  men  to  dump  the  bricks  on  pallets,  three  men 
to  wheel  to  diying  racks  and  place  the  brick,  one  to  bring  empty 
pallets  to  the  machine  and  one  to  place  pallets  on  the  dump 
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table.  The  last  two  tasks  and  also  the  sanding  of  the  molds  can 
usually  be  attended  to  by  boys,  whioh  lessens  the  running  ex- 
pense. "With  this  number  of  attendants,  a  soft  mud  machine 
with  six  molds  will  make  35,000  brick  per  day. 


Flo    17.     HoiizoQtal  T;p«  of  Soft  Und  Brick  Uachloe. 

The  power  required  to  oi>erate  one  of  tliese  machines  depends 
upon  its  capaoitj-  and  the  clay  used.  Only  the  softest,  and  those 
clays  that  will  most  readily  temper  to  the  plastic  condition  can  be 
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successfully  worked  by  the  soft  mlud  process,  Tlie  alluvial,  sur- 
face andt  loess  olays  are  best  worked  by  this  process.  These  varj- 
oonsiderably  in  hardness,  and  tenacity  when  wet,  but  with  an. 
average  clay  a  six-mold  maohine  will  require  ten  to  fifteen  horse 
power.  Machines  of  small  capacity  are  oftentimes  operated  by 
a  team  of  horses. 


HorlioDtal  Type  ot  SoFt  Hud  Briok  Uaahlne. 


fThe  brick  made  by  the  soft  mud  process  are  of  necessity  less 
dejiFO  than  those  manufactured  by  the  other  methods.  They  are 
porous  when  burned,  but  this  is  a  condition  favorable  to  the 
development  of  good  color  and,  indeed',  when  fairly  hard  burned, 
soft  mud  biick  possess  qualities  of  strength  and  durability.  One 
ettort  of  the  brickmaker  is  always  to  obtain  a  product  which  is 
free  fiom  all  signs  of  structure,  so  that  one  portion  of  a  brick 
is  e.Kaetly  like  all  other  portions  of  it  This  comes  nearest  attain- 
ment in  the  soft  mud  brick.     There  are  no  augers  to  produce 
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lamiination,  and  because  of  the  free  mobility  of  the  wet  clay, 
there  is  no  chance  for  defects  to  arise  from  the  pressing  of  the 
clav  into  the  molds. 

Stiff  Mud:  The  term  '* stiff  mud*'  signifies  the  distinction 
between  this  and  the  other  processes  of  making  brick.  The  claj' 
is  tempered  to  a  stiffly  plastic  state  so  that  it  can  be  molded,  but 
it  will  not  shape  or  flow;  under  slight  pressure  as  does  the  clay 
when  prepared  by  the  soft  mud  process.  The  clay  is  made  of 
such  a  consistency  that  it  will,  under  heavy  pi-essure,  flow 
through  a  die  in  the  shape  of  a  bar,  the  latter  being  strong 
enough  to  retain  its  form  even  when  subjected  to  considerable 
strain  either  longitudinally  or  laterally.  It  must  yet  be  soft 
enough  that  under  the  pressure  of  coming  through  the  die, 
stratification  produced  by  the  auger  will  be  to  the  greatest 
extent  eliminated. 

There  are  two  principal  types  of  stiff  mud  machines:  the 
upright  and  the  horizontal.  They  both  consist  essentially  of  a 
small  pugging  chamber  at  the  exit  of  which  is  the  die  that  fonns 
the  bar  of  clay.  On  the  same  shaft  with  the  pugging  knives  is 
an  auger  which  is  the  means  of  forcing  the  clay  through  the  die. 
Machines  are  constructed  which  combine  pug  mill  and  auger, 
thus  providing  for  tempering  the  clay  and  forming  the  bar  with- 
out the  installation  of  two  machines.  The  clay  ordinarily 
comes  to  the  brick  machine  from  some  preparing  device 
in  which  it  has  been  tempered  and  rendered  thoroughly 
plastic.  In  the  brick  machine,  the  pugging  arms  carry 
the  clay  to  the  auger  and  the  latter  compresses  it  into  the 
die.  Through  the  action  of  the  pugging  knives  and  auger  under 
heavy  pressure  the  clay  is  strongly  comipacted  and  issues  from 
the  machine  in  a  solid  bar.  The  bar  of  clay  is,  however,  seldom 
homogeneous.  The  face  or  end  of  a  brick  will  often  show  lami- 
nations, frequently  concentrically  arranged  either  parallel  to 
the  length  of  the  bar.  or  laterally,  or  both.     Such  laminations 
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are  tl  e  lesult  f  the  ]0  nt  act  on  of  two  ma  n  causes  The  act  on 
of  the  a  g^T  "Screw  on  the  n  o  ug  cla  s  to  arrange  t  n  tl  e 
bar  oojieentrKally  around  the  center  of  revolution  of  the  screw. 
Tlie  clay  in  sliding  over  the  smooth  surfaces  of  the  spirals  of 
the  auger  is  polished  and  these  jwlished  faces  when  pressed 
together  in  the  die  do  not  fuse  or  amalgamate  readily,  and  the 
liue;i  of  contact  can  usually  be  seen  in  the  fresh  bar  or  in  the 
finished  ware.    If  they  are  well  developed,  as  is  more  often  the 
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case  Vith  the  most  plastic  clays,  the  laminations  becomie  lines  of 
weakness  in  J  he  resulting  brick.  With  the  effects  of  the  auger 
itself  is  the  tendency  of  the  flow  of  the  clay  through  the  die  to 
exaggerate  any  defects  that  may  exist.  The  planes  of  separa- 
tion produced  by  the  auger  are  elongated  parallel  to  the  move- 
ir-ent  of  the  bar  by  the  more  rapid  flow  of  the  center  than  of  the 
outer  portions  of  the  bar  of  clay.  This  is  due  to  friction  in  the 
die.  Dies  and  augers  of  special  design  have  obviated  this  diffi- 
culty to  a  considerable  extent.  Steam  heating,  steam  and  oil 
lubrication  in  the  die  aKe  used  to  reduce  the  friction  of  the  issu- 
ing bar.  These  means  are  also  effective  in  avoiding  the  serra- 
tion or  tearing  of  the  edges  of  the  bar  of  clay. 

All  defects  of  structure  may  often  be  largely  remedied  by  a 
thorough  preparation  of  the  clay  before  it  comes  to  the  auger 
machine.  A  very  short  and  sandy  clay  will  not  work  success- 
fully in  the  auger  machine,  nor  will  an  exceedingly  plastic  one 
give  good  satisfaction,  because  of  its  tendency  to  lamination. 

The  bar  of  clay  runs  from  the  machine  onto  a  moving  belt 
^hich  carries  it  to  the  cutting  table.  The  brick  may  be  made 
**end''  or  ''side"  cut,  according  as  the  width  of  the  bar  of  clay 
is  the  width  or  length  of  a  brick.  Any  size  of  bar  may  be  made 
from  the  same  machine  by  providing  different  sizes  of  dies. 
"Very  oonmionly  two  or  even  three  bars  of  the  size  for  making 
end  cut  brick  are  run  simultaneously  from  the  machine. 

Improved  machines  are  provided  with  sand  box  which  sands 
the  bar  of  clay  as  it  issues  fromi  the  die.  The  primary  use  of 
the  sand  is  to  facilitate  handling  and  to  prevent  sticking  of  the 
brick,  but  it  is  also  held  to  be  influential  in  giving  good  color  to 
building  brick  in  the  burning. 

The  maximum  capacity  of  the  stiff  mud  machines  making  side 
cut  brick  is  eight  to  ten  thousand  brick  per  hour,  requiring 
seventy  to  seventy-five  horse  power.  Auger  machines  of  smaller 
size  are  on  the  market  with  capacities  ranging  from-  two  thousand 
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upwards  brick  per  hour  and  requiring  from  twenty  horse  power 
mpwards.  Both  the  capacity  and!  the  horse  power  necessarily 
vary  considerably,  depending  on  the  character  of  the  clay  used, 
so  only  round  numbers  can  be  given. 

Cutting  Tables:  There  are  several  types  of  cutting  tables, 
some  of  which  are  illustrated  in  the  accompanying  cuts.  The 
cutting  device  may  be  either  hand  or  automatic.  The  cutting 
is  done  by  wires  which  are  tightly  drawn  from  projecting  parts 
of  a  metal  frame.  This  frame  may  be  parallel  to  the  moving  bar 
of  clay  and  consist  of  strips  between  which  any  number  up  to 
dozen  wires  are  drawn  the  desired  thickness  of  the  bricks 
part.  The  cutter  is  operated  by  hand  by  pushing  the  frame 
laterally,  thus  carrying  the  wires  through  the  clay.  By  mechan- 
ical devices  it  can  also  be  operated  automatically.  By  variations 
in  construction  this  type  of  cutter  may  cut  the  clay  by  direct 
l«.teral  movement  of  the  wires,  or  by  a  lateral,  partially  rotary- 
ciownward  motion. 

The  wires  miay  be  supported    between    large  pinions  which 
rive  them  through  the  clay  as  the  pinions  revolve.    The  rotary 
utter  is  a  style  in  which  the  cutting  wires  are  drawn  radially 
from  the  center  of  a  wheel  which  rotates  in  a  plane  at  right 
ajigles  to  the  direction  of  movement  of  the  bar.    In  the  types 
^lus  far  mentioned,  the  wires  cut  from  the  side.    As  the  bar  of 
olay  is  in  constant  motion,  provision  is  made  to  carry  the  cutter 
"With  the  bar  while  the  wires  are  passing  through  the  bar  .  With- 
out such  an  arrangement,    the    brick   would  of  course  not  be 
square.    When  the  wires  have  passed  through  the  clay,  the  car- 
rier moves  back  to  its  former  position.     All  the  foregoing  are 
applicable  for  both  end  and  side  cut  brick. 

Constructed  on  a  somewhat  different  principle  are  those  cut- 
ters or  ''headers"  which  rotate  in  the  direction  of  movement  of 
the  clay.  They  are  built  as  a  vertical  reel  to  the  extremities  of 
the  arms  of  which  the  cutting  wires  are  attached.     The  reel  is 
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caused  to  rotate  by  the  movement  of  the  bar  of  clay  and  by 
means  of  guides  on  the  moving  belt  which  supports  the  bar,  the 
wires  are  held  squarely  in  their  descent  through  the  column  of 
clay.  The  nuniber  of  arms  and  of  cutting  wires  on  a  reel  varies 
from  over  forty,  where  side  cut  brick  are  to  be  made,  to  six  or 
seven  for  cutting  hollow  block,  drain  tile  and  end  cut  brick. 
"With  the  greater  number  of  arms,  this  style  of  cutter  of 
necessity  possesses  a  great  many  joints  to  be  kept  tight  and  in 
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repair,  and  the  cutter  will  give  satisfaction  in  the  degree  to  which 
constant  care  is  exercised  in  its  operation. 

The  wires  are  the  most  troublesome  part  of  the  cutting  mech- 
anism}. It  is  necessary  that  they  shall  be  as  small  as  jjoesible 
with  the  requisite  strength,  in  order  to  lessen  friction  and  make 
a  smooth  cut.  Any  obstruction,  therefore,  met  by  the  wires  in 
the  column  of  clay,  as  pebbles,  roots  or  hard  lumps  of  clay,  is 
apt  to  break  them.     As  precautions  to  avoid  the  breaking  of 
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wires,  means  are  provided,  by  regulating  screws  or  otherwise, 
for  adjusting  the  wires  to  any  degree  of  tension  desired  and  for 
easily  replacing  broken  wires.  In  some  cutters  the  wires  are 
held  tight  by  springs  which  allow  of  some  adjustment  to  the 
resistance  which  the  wires  meet  in  passing  through  the  clay. 
Automatic  wire  cleaners  are  provided  for  some  cutters. 

The  requirements  which  a  brick  cutter  must  fulfil  are  several. 
The  wires  must  make  a  smooth  and  square  cut  brick.  That  is, 
to  accomplish  the  latter,  the  cutting  must  be  done  at  right  angles 
to  the  length  of  the  bar  of  clay.  With  a  continuously  moving 
column  of  clay  this  necessitates  the  reciprocal  movement  of  the 
cutter  while  the  wires  are  cutting  the  clay.  The  movement  of 
the  cutter  should  be  so  connected  with  the  movement  of  the  clay 
that  a  varying  velocity  of  the  latter  will  communicate  a  similar 
change  in  the  movement  of  the  cutting  wires.  The  cut  should 
be  miade  in  such  a  direction  that  the  edges  of  each  brick  will  be 
left  as  smooth  and  free  from  raggedness  as  possible.  The  most 
advantageous  direction  of  movement  of  the  wires  in  any  instance 
will  be  mainly  determined  by  the  construction  of  the  cutting 
table.  If  not  directly  downward,  a  motion  of  the  wires  con- 
taining a  downward  component  has  been  found  to  be  most  satis.- 
factory,  as  the  clay  is  most  firmly  supported  from  below  and 
ruffled  edges  are  least  apt  to  be  produced. 

After  the  brick  are  cut,  they  are  either  delivered  at  one  side 
of  the  table  on  a  pallet  which  can  be  moved  horizontally  beneath 
the  bar  of  clay  as  each  cut  is  made,  or  they  may  pass  from  the 
cutting  table  to  an  off-bearing  belt;  the  latter  having  a  velocity 
greater  than  that  of  the  moving  bar,  the  brick  are  separated  as 
they  leave  the  cutter  convenient  distances  for  handling  to  the 
cars.  The  side  delivery  table  is  used  mainly  with  hand  operated 
cutters  or  with  those  that  are  semi-automatic,  being  thrown  into 
and  out  of  action  by  a  clutch  under  the  control  of  the  operator. 
The  off-bearing  belt  is  a  common  accompaniment  to  the  auto- 
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matic  cutter  where  the  auger  machine  is  of  large  capacity  and 
run  continuously.  From  this  belt  the  brick  may  be  remioved  on 
one  or  both  sides  to  the  cars. 

The  cutting  platform  over  which  the  column  of  clay  moves 
when  the  cutter  is  in  action,  is  smoothly  polished  to  prevent  fric- 
tion. If  the  clay  gives  trouble  by  sticking,  lubricating  rollers 
are  provided  beneath  and  at  the  sides  of  the  clay  bar.  These 
rollers  are  held  in  contact  with  the  clay  by  springs  and  are  kept 
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Fig.  21.    Sectional  Views  of  Reeiprooatiug  Oscillating  Side  Cut  Table. 

continually  moistened  with  an  oil  lubricant  from  a  small  reser- 
voir conveniently  situated  above  the  machine. 

Of  the  several  styles  of  cutting  tables  on  the  market,  there  is 
always  the  question  of  which  is  the  most  suitable  for  a  given 
clay.  This  is  an  inquiry  that  confronts  every  brickmaker  in 
selecting  an  equipment  for  his  plant.  In  many  cases  the  ques- 
tion is  not  settled  until  two  or  more  diflferent  types  of  cutters, 
representing  the  expenditure  of  a  few  thousand  dollars,  have 
been  purchased.    It  is  then  often  realized  that  the  last  purchased 
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gives  little  better  satisfaction  than  the  first,  which  may  have 
been  discarded  for  something  ''new/'  It  is  not  an  uncommon 
thing  on  brick  yards  throughout  the  state  to  find  them  equipped 
with  cutting  tables  in  duplicate,  and  sometimes  triplicate,  in 
number  and  style,  only  one  of  which  is  in  use  at  a  time.  The 
others  are  either  laid  by  indefinitely  or  are  held  ready  for  sub- 
stitution in  case  of  breakage  or  in  case  some  variation  in  the 
clay  appears  to  require  a  change.  Very  often  one  cutter  is  used 
for  end  and  another  for  sidie  out  brick. 

While  in  the  case  of  brick  machines,  the  machine  must  be 
fitted  to  the  clay  to  be  used,  this  is  much  less  often  true  with  cut- 
ting tables.  The  cutting  table  is  an  accompaniment  to  the  stiff 
mud  mlachine  only,  and  ordinarily  any  clay  that  will  work  in 
a  stiff  mud  machine  can  be  cut  into  bricks  by  the  same  kind  of 
cutter.  That  is,  if  the  cutter  is  once  adjusted  to  run  with  a  cer- 
tain auger  machine,  it  will  be  found  that  the  same  cutter  will 
make  brick  from  any  clay  that  will  successfully  work  in  that 
machine.  It  is  seldom  advisable,  therefore,  to  change  cutting 
tables  because  of  some  slight  improvement  that  may  be  claimed 
for  another  style.  The  latter  will  likewise  need  adjustmlent  to 
the  brick  machine  before  it  can  be  used,  and  it  is  the  experience 
of  many  that  it  will  quite  frequently  give  no  better  satisfaction 
than  the  old  one.  Money  tied  up  in  cutting  tables  that  are 
allowed  to  lie  unused  is  an  investment  that  can  yield  nothing  but 
negative  returns. 

Repressing :  The  repressing  of  brick  made  by  the  stiff  mud 
process  has  become  a  common  practice  among  paving  brick 
manufacturers  principally.  Building  brick  made  by  this  same 
process  or  by  the  soft  mud  methods  are  also  repressed  to  some 
extent,  although  not  to  such  an  extent  as  prior  to  the  recently 
extended  use  of  the  dry  press  mnchine. 

The  brick  may  be  taken  directly  from  the  cutting  table  and 
repressed,  or  they  may  be  closely  hacked  and  allowed  to  par- 
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tially  dry  until  they  are  of  the  proper  consistency  for  repress- 
ing. It  is  of  course  always  necessary  to  allow  soft  mud  bricK 
to  dry  before  placing  in  the  repress. 

Brick  represses  are  operated  by  power  or  by  hand.  There 
are  several  types  of  these  machines  on  the  market,  but  the  priur 
ciples  involved  in  the  construction  of  each  are  essentially  the 
same.  The  term  repressing  signifies  the  process  of  subjecting 
the  brick  to  a  second  pressure,  or  to  pressing  again  after  the 
brick  have  been  formed.  The  machine  for  this  purpose  consists 
of  a  mold  into  which  the  brick  are  placed,  and  where  they  are 
subjected  to  heavy  i>ressure.  In  the  latest  improved  types  the 
pressure  is  applied  gradually  and  regularly  by  a  plunger  from 
above  or  by  plungers  from  both  above  and  below.  The  brick  are 
delivered  to  the  repress  on  a  table  or  moving  belt  fromj  which 
they  are  automatically  charged  into  the  molds.  Accuracy  in 
design  is  quite  necessary  in  order  that  the  brick  will  be  placed 
squarely  in  the  molds  with  each  revolution  of  the  plungers. 
The  brick  must  also  fit  and  fill  the  mold  as  perfectly  as  possible. 
Each  size  of  brick  thus  requires  a  separate  mold.  The  mold  is 
in  some  machines  stationary  and  the  pressing  is  done  by  plung- 
ers from  the  top  or  bottom,  or  from  both  moving  towards  each 
other.  In  some,  one  plunger  is  stationarj-  while  the  other  mbves 
against  this,  carrying  the  mold  with  it.  Pressure  is  exerted  by 
means  of  a  cam,  crank  or  toggle  joint.  Movement  is  imparted 
to  these  by  levers  if  operated  by  hand  and  by  clutch-pulleys  and 
heavy  gearing  if  other  power  is  used.  In  the  most  substantially 
built  represses,  pressures  as  high  as  45,000  pounds  i^er  square 
inch  can  be  exerted  on  a  brick.  The  pressure  can  be  regulated 
to  any  desired  strength.  It  has  been  found  by  practice  that  a 
better  product  results  in  most  instances  if  two  maximum  press- 
ures are  given  with  a  partial  relief  of  pressure  between.  In 
case  a  brick  which  is  a  little  too  thick  comes  to  the  repress,  relief 
for  the  mold  and  pressing  plungers  is  provided  by  small  open- 
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ings  in  either  mold  or  die  plates  so  that  the  siurplus  clay  is 
forced  out;  or  by  the  use  of  strong  springs  which  yield  when 
the  pressure  reaches  any  certain  limit.  The  latter  mode  of  relief 
is  often  preferred  to  the  former  because  of  the  blemishes  left  on 
the  brick  by  the  vent  holes.  Where  springs  are  used,  however, 
the  brick  are  not  reduced  to  a  uniform  size,  while  this  is  accom- 
plished  by  the  die  plate  vents.  The  power  required  to  run  a  two- 
mold  repress  is  from  one  to  two  horse  power.  The  capacity'-  varies 
from.  1,000  to  3,000  standard-sized  brick  per  hour. 

The  object  of  repressing  stiff  mud  brick  is  three-fold :  to  im- 
prove the  form  and  to  imprint  any  desired  design  upon  them; 
to  give  a  smoother  surface;  to  produce  a  denser  and  stronger 
brick. 

For  building  brick,  the  first  is  usually  the  prime  object  sought 
in  repressing.  By  repressing,  the  outlines  of  the  brick  may  be 
miodified  so  as  to  change  an  angular,  rough-edged  brick  to  one 
with  symmetrically  rounded  or  sharply  angular  edges  as  is 
desired.  By  the  use  of  special  designs  on  the  die  plates  any  of 
the  ornate  forms  may  be  produced.  The  designs  may  be  sim- 
ple, as  some  geometrical  figure,  or  may  be  of  more  artistic  and 
complicated  character.  For  paving  brick,  the  appearance  of 
the  product  is  not  an  important  feature.  In  the  repress,  how- 
ever, it  is  possible  to  obtain  a  symmetry  and  fullness  of  outline 
for  each  brick  which  are  beUeved  to  both  facilitate  handling  and 
laying  in  a  jmvement,  and  to  add  to  its  durability. 

In  the  manufacture  of  sidewalk  blocks,  the  repress  is  in  com- 
mon use.  The  clay  is  run  from  an  auger  machine  in  a  column 
of  correct  proportions  for  cutting  into  the  desired  sized  blocks. 
As  with  brick,  the  blocks  are  placed  in  the  repress,  where  their 
form  is  improved  and  some  design,  in  many  instances  the  firm 
name,  is  impressed  or  expressed  upon  them. 

The  pressure  which  the  brick  are  given,  slipping  in  and  out 
of  the  mold,  in  which  some  lubricant  is  frequently  used,  renders 
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the  surfaces  smooth  and  polished  and  especially  is  this  improve- 
ment noticeable  on  the  faces  that  have  been  made  by  the  wires 
of  the  cutter.  The  brick  are  thus  given  a  tough  exterior  or 
**skin''  which  adds  to  their  ability  to  withstand  disintegrating 
influences,  which,  especially  in  the  ease  of  building  brick  that 
are  not  hard  burned,  is  an  important  feature. 

Regarding  the  effect  of  repressing  on  the  compactness,  resist- 
ance and  strength  of  brick,  there  has  been  much  speculation.  It 
is  more  important  to  develop  these  properties  in  paving  than 
in  building  brick,  and  this  is  the  principal  object  in  repressing 
the  former. 

In  the  operation  of  the  repress,  the  brick  can  not  be  made  to 
fit  perfectly  tight  in  the  mold.  There  is  always  more  or  less 
space  for  the  clay  to  expand  laterally  as  pressure  is  brought  to 
bear  from  above  and  below.  The  compression  of  the  clay  will 
cause  the  particles  to  come  into  closer  contact  and  the  brick  will 
be  decreased  in  thickness ;  but  at  the  same  time  a  certain  amount 
of  flow  will  take  place  to  fill  the  mold  and  the  brick  will  increase 
in  width  and  length.  If  the  one  extreme  be  considered,  where 
the  brick  fits  the  mold  perfectly  tight,  and  therefore  no  flow  can 
occur  when  pressure  is  applied,  it  is  seen  that  practically  no 
change  in  structure  can  be  brought  about,  only  a  change  in  the 
compactness  of  the  brick.  Such  a  brick  still  possesses  the 
original  structure  given  to  it  by  the  brick  machine,  but  has 
gained  in  the  matter  of  form,  smoothness  of  surface  and  com- 
pactness. As  an  intermediate  stage,  suppose  the  brick  to  fit  into 
the  mold  rather  loosely.  This  limited  amount  of  space  will 
allow  of  a  corresponding  limited  expansion.  Instead  of  the  de- 
crease in  thickness  being  taken  up  entirely  by  packing  together 
of  the  clay  particles,  such  decrease  will  be  accompanied  by  an 
increase  in  the  length  of  the  brick  to  the  capacity  of  the  miold. 
The  flow  of  the  clay  which  must  take  place  under  these  circum- 
stances tends  to  change  and  to  destroy  the  former  structure  of 
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the  brick.  A  brick  thus  repressed  has  its  old  structure  only  par- 
tially broken  down  and  possesses  neither  its  original  machine 
structure  nor  any  new  one  which  may  be  developed  in  the 
repress.  At  the  other  extreme,  or  where  the  brick  is  placed  in  a 
mold  which  it  fits  very  loosely,  the  clay  when  subjected  to  press- 
ure has  ample  opportunity  to  flow  and  the  original  structure  is 
entirely  destroyed.*  Any  structure  which  a  brick  repressed 
under  these  conditions  may  have  will  be  one  developed  in  the 
repress.  In  this  instance  the  only  function  that  the  auger  or 
soft  mud  machine  has  served  is  to  furnish  the  clay  to  the  repress 
in  convenient  shape  and  in  proper  amounts  to  make  brick  of 
constant  size. 

In  the  application  of  the  repress  to  any  class  of  brick  made  of 
any  certain  type  of  clay,  the  questions  to  be  decided  are  those 
which  relate  to  the  above  conditions.  It  has  been  found  that 
clays  do  not  all  re®ix>nd  to  repressing  in  a  similar  manner.  With 
the  same  pressure,  and  that  near  the  maximum  attainable,  some 
clays  will  give  a  more  durable  product  if  treated  in  the  repress, 
as  outlined  above,  so  that  no  rearrangement  of  structure  is  pos« 
sible ;  others  are  improved  if  subjected  to  conditions  such  that  the 
old  structure  is  entirely  broken  down.  It  is  rarely  the  case  that 
the  resistance  of  a  brick  is  not  injured  by  repressing  where  only 
suflScient  flow  of  the  clay  is  permitted  to  modify  the  original 
structure  but  not  enough  to  reconstruct  or  build  a  new  one. 

''Comparison  of  the  Wearing  Qualities  of  Plain  vs.  Repressed 
Brick'' f  was  made  the  subject  of  investigation  by  the  National 
Brick  Manufacturers'  association  in  1897  and  1898.  After  a 
fairly  complete  series  of  experiments  with  different  types  of 
clays  and  with  both  side  and  end  cut  brick,  it  was  found  that 
with  the  nilajority  of  clays  repressing  is  a  detriment  to  the  wear- 
ing  qualities  of  the  brick.    This  was  not  found  to  be  true  in  all 

♦»,    u^V/®?u™°''®i5^°*pI®*®  breaking  down  may  be  obtained,  by  way  of  experiment,  by  placing 
the  brick  in  the  mold  so  the  preuing  planger  •  wlU  compress  it  edgewise.     In  this  case,  the  orig- 
inal form  of  the  brick  is  completely  obliterated  and  it  is  entirely  rSsonatruoted. 
tKeport  of  the  N.  B.  M.  A.  Committee  on  Technical  Investigation,  p.  67. 
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cases,  but  tlie  i^ecoitmiendatian  was  made  that  its.  truth  be  as- 
sumed unless  for  a  given  product  it  were  proven  that  repressing 
actually  improved  the  quality. 

Parallel  to  the  above  investigation,  experiments  were  made 
to  ascertain  the  *  *  Influence  of  Flow  in  the  Repress  Die. ' '  *  From 
the  same  clays  used  above,  bricks  were  repressed  according  to 
the  conditions  outlined  en  a  preceding  page,  viz.,  in  a  die  where 
}>ractically  no  flow  was  possible;  where  a  limited  amount  of 
flow  could  take  place,  and  with  the  brick  on  edge  so  that  all 
traces  of  original  structure  was  broken  up. 

The  results  of  both  the  above  sets  of  tests  were  summed  up 
in  the  following  conclusions:  ''Makers  of  paving  brick  should 
assume  that  their  plain  wire-cut  brick  are  superior  to  the  re- 
pressed brick  until  they  have  proven,  by  careful  comparison 
under  identical  tests,  that  the  assumlption  does  not  hold  good  in 
their  case. 

*'If  repressing  is  necessary  to  meet  market  conditions,  the 
maker  should  perform  the  operation  so  as  to  cause  a  radical 
breaking  up  of  the  auger  machine  structure,  and  the  production 
of  a  new  and  characteristic  structure  due  to  repressing.  If  this 
is  done,  the  probabilities  are  that  no  falling  off  in  quality  will 
occur,  and  actual  gain  in  strength  may  frequently  result." 

Dry  Press:  The  manufacture  of  brick  from  diy  or  partially 
dry  clay  is  a  process  which  has  come  into  extended  use  only  in 
comparatively  recent  years.  At  the  present  time,  the  dry  clay 
I>rocess  represents  ijerhaps  the  cheapest  method  of  producing 
brick,  which  are  at  the  same  time  of  a  higher  grade,  in  both 
finish  and  durability,  than  those  produced  by  any  other  process. 
The  initial  expense  in  equipping  a  dry  press  plant  is,  however, 
somewhat  above  the  ordinary. 

The  principal  points  in  the  preparation  of  the  clay  for  this 
line  of  manufacture  have  been  mentioned  under  that  head.    To 

*  Report  of  the  N.  B.  M.  A.  Committee  on  Technieal  Investigation,  p.  02. 
U 
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render  the  clay  in  the  best  condition,  a  jwriod  of  weathering,  if 
the  clay  is  a  somewhat  indurated  shale,  or  of  storage  in  the 
dampened  state,  if  it  is  one  that  will  easily  become  plastic  with 
water,  will  be  found  advantageous.  Tlie  weathering  or  storage 
allows  tlie  moisture  which  is  in  the  clay,  or  that  which  is  added 
to  it,  to  thoroughly  j>eniieate  the  mass,  thus  reducing  all  to  the 
same  consistency.  To  work  best  in  the  dry  press  machine,  the 
clay  must  not  be  plastic  but  should  be  of  such  a  degree  of  damp- 
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uess  that  when  finiily  pressed  in  the  hand  it  will  barely  maintain 
the  f'onni  given  to  it.  The  smouiit  tf  wiit«?r  that  clays  fontaiii 
that  are  worked  by  this  ]>rocess  ranges  from  five  to  fifteen  i>er 
cent.  Tliese  proportions  depend  on  the  character  of  the  clay,  the 
finer,  more  plastic  varieties,  requiting  the  larger  percentages. 
After  thorough  granulation  in  somfe  pulverizing  apparatus, 
the  clay  is  ready  to  go  to  the  press.  The  dry  press  machine 
consists  in  its  essentials  of  parts  similar  in  construction  to  the 
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brick  repress.  The  inolds  vary  in  number  from  two  ta  six.  Tlie 
pressing  mechanism  consists  of  plungers  which  exert  pressure 
from  both  above  and  below  when  clay  is  in  the  mold.  The 
plungers  are  opeiated  by  cams  or  toggle-joints  which  are  sup- 
ported by  massive  steel  framework  to  give  the  requisite  strength. 
The  clay  comes  from  a  hopper  or  storage  bin  through  canvas 
ducts  into  a  small  feed-box  fromj  which  it  passes  ijito  a  charger. 
The  charger  is  made  of  a  capacity  to  hold  clay  for  one  brick  and 
with  each  raising  and  lowering  of  the  press  plungers,  feeds  this 
amount  of  clay  into  each  of  the  molds,  being  refilled  as  it  comes 
to  rest  beneath  the  feed  box,  while  the  brick  are  being  pressed. 
In  all  recently  constructed  dry  press  machines,  two  and  fre- 
quently three,  pressures  are  given  each'  brick.  In  some  machines 
all  are  of  maximum,  amount,  while  in  others  two  maximum 
pressures  and  an  intennediate  lesser  pressure  are  given.  When 
clay  is  pressed  in  the  mold,  air  is  enclosed  in  its  pores  which, 
when  but  a  single  pressure  is  given,  will  quite  often  by  its 
expansion  when  the  pressure  is  relieved,  crack  or  burst  the  brick. 
It  is  to  remove  this  danger  that  the  pressure  is  paitially  released^, 
thus  allowing!  the  air  to  escape  through  vents  in  the  die  provided 
for  the  purpose.  The  final  pressure  compacts  the  clay  to  its  max- 
imum density.  After  the  molds  are  charged  and  the  pressure  has 
been  applied,  the  brick  are  carried  by  the  movement  of  the  lower 
plunger  to  the  level  of  the  top  of  the  mold,  where  they  are  pushed 
foi-ward  on  a  delivery  table  by  the  incoming  charger.  In  the 
most  imi>roved  types,  the  molds  are  deep  and  the  maximlum 
pressure  is  given  at  the  bottom  of  the  mold  which  gives  the 
larger  distance  of  travel  for  the  brick  as  they  are  delivered, 
thus  smoothing  and  polishing  their  surfaces;  and,  as  the  lower 
plunger  carries  the  brick  upwards  the  plunger  above  maintains 
its  position  on  the  upper  surface,  which  protects  the  comers  and 
angles  and  gives  a  firmness  to  the  brick.  As  the  charger  ad- 
vances with  its  supply  of  clay,  the  green  brick  are  pushed  ahead 
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of  it  from  between  the  dies  and  the  molds  are  filled.  In  some, 
the  bottom  plunger  retains  its  position  level  with  the  top  of  the 
mold  until  the  charge  of  clay  is  directly  over  the  mold,  when 
it  lowers;  in  otliers,  the  lower  plunger  descends  as  soon  as  the 
formled  brick  is  removed  and  the  fre?h  clay  is  allowed  to  drop 
from  the  charger  into  the  open  mold.  Both  the  charger  and  the 
molds  are  steam  heated  to  prevent  adhesion  of  the  clay. 

Aside  from  the  ordinary  rectangular  shape  of  the  common 
brick,  special  shapes  may  be  produced  by  molds  which  are  sub- 
stituted in  the  dry  press  machine.  Shapes,  face  and  edge  designs 
are  produced  by  special  molds  and  dies.  From  the  machine  the 
brick  arei  handled  separately  or  by  pallets  to  dry  cars  or  are  sent 
directly  to  the  kilns.  It  is  claimed  that  the  frame  and  the  working 
parts  of  a  standard  make  of  dry  press  are  capable  of  enduring  a 
pressure  of  four  hundred  tons  on  each  brick.  Such  a  pressure  is 
never  necessary  in  the  manufacture  of  brick,  more  than  one  hun- 
dred tons  on  each  biick  seldom  being  required.  The  power  to  op- 
erate the  pressi  is  usually  stieam  supplied  from  the  power  plant  In 
the  case  of  the  hydraulic  press,  the  pressure  is  exerted  by  hy- 
draulic rams  acting  from  above  and  below  as  do  the  plungers 
in  the  other  class  of  machines.  The  capacity  of  a  six-mold 
dry  press  machine  is  30,000  bricks  per  day.  A  press  with  four 
molds  will  make  20,000  per  day  of  ten  hours. 

MANUFACTURE  OF  DRAIN  TILE.   HOLLOW  BRICK  AND  BLOCKS. 

The  clays  used  for  the  manufacture  of  these  wares  are  given 
the  same  preparation  as  when  made  into  brick  with  the  auger 
irjachine.  They  are  pugged  to  the  same  plasticity  and  put 
through  the  same  machine,  the  desired  die  being  substituted  to 
fonn  a  hollow  column  in  place  of  the  brick  die  which  gives  a 
solid  bar  of  clay.  Most  common  clays  can  be  used  for  tile,  but 
in  the  case  of  hollow  brick  and  blocks  other  requirements  must 
bo  met  than  those  exacted  of  drain  tile.    A  clay  which  will  run 
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smoothly  from  a  circular  die  may  give  trouble  in  a  die  with 
sharp  angles,  'The  clay  for  angular  blocks,  which  are  often  cut 
up  into  two  or  more  compartments  by  partitions,  mlist  be  more 
plastic  and  slippery  to  give  satisfaction  in  the  auger  machine. 
Tile  are  subjected  to  the  disintegrating  effects  of  frost  and  soil 
waters,  but  have  essentially  no  weight  to  bear  when  in  place. 
The  hollow  brick  and  blocks  when  used  in  construction  must 
bear  a  greater  or  less  weight,  along  with  meeting  similar  con- 
ditions to  which  the  drain  tile  are  subject.  Asidle  from  plasticity, 
therefore,  it  is  necessary  to  employ  for  the  manufacture  of  the 
last  two  classes  of  ware  a  clay  which  when  buraed  makes  a  firm 
product^  sufficiently  strong  to  be  used  in  building  construction 
in  place  of  brick. 

The  clay  is  run  from  the  auger  machine  upon  a  cutting  table 
especially  designed  for  the  ware  made.  If  hollow  brick  or  block 
are  mjade  the  brick  cutters  may  be  used  with  modification  to 
acconunodate  the  different  sizes  of  column.  In  most  instances, 
however,  tables  of  special  design  are  made  use  of  which  are 
accompaniedl  with  dumping  attaclmients,  so  the  block  or  tile  is 
delivered  upilght  and  in  convenient  position  for  removal  with- 
out injur>\  The  cutting  mechanism  is  similar  in  principle  and 
operation  to  the  brick  cutters  already  described.  They  are  built 
in  both  patterns,  the  side-down-out  and  the  rotary. 

The  use  of  hollow  blocks  to  replace  the  solid  brick  is  becoming 
rather  common  in  Iowa.  The  advantages  claimed  for  the  hollow 
ware  are  several.  While  they  do  not  possess  as  great  ultimate 
crushing  strength  as  the  solid  brick,  blocks  can  be  economically 
produced  which  are  sufficiently  strong  to  insure  a  large  factor 
of  safety  in  any  common  building  construction  with  from  one- 
third  to  one-lialf  the  clay  required  in  the  solid  ware  to  occupy 
the  same  space.  This  decrease  in  weighty  with  retention  of  the 
necessary  strength,  not  only  saves  clay  but  lessens  the  expense 
of  transportation  very  materially.    Walls  built  of  hollow  blocks 
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are  fully  as  protective  against  dampness  and  temperature  as 
briok  walls  and  by  many  users  are  pronounced  much  superior 
to  the  latter  in  every  way.  Decoration  of  the  blocks  has  not  been 
practiced  to  any  extent  in  the  state,  but  very  desirable  teiTa  cotta 
effects  are  inexpensively  produced  in  other  places  where  this 
class  of  ware  has  been  develoj)ed  to  a  higher  degree  of  per- 
fection.* 

MANUFACTURE  OF  SEWER  PIPE. 

Sewer  pipe  is  made  in  a  press  especially  designed  for  this 
class  of  ware.  The  press  consists  of  two  cylinders  connected 
with  a  continuous  piston.  The  cylinders  are  placed  one  above  the 
other,  the  upper  being  the  steam  and  the  lower  the  clay  cylinder. 
The  ratio  of  the  size  of  these  two  cvlinders  varies  from;  1 :2  to 
1 :3.  The  piston  is  propelled  by  the  admission  of  steam  to  the 
upper  cylinder,  giving  it  a  downward  movement  which  presses 
the  clay  through  a  die  at  the  bottom  of  the  lower  cylinder.  The 
action  is  thus  intermittent,  the  piston  receding  when  it  has 
reached  its  length  of  stroke  and  a  supply  of  clay  is  needed. 

The  clay  previously  prepared  and  in  the  plastic  condition  is 
brought  to  the  press  on  a  moving  belt.  Each  time  the  piston 
recedes  the  cylinder  is  filled  with  clay  by  throwing  this  belt 
into  motion.  The  die  which  forms  the  pipe  consists  of  a  central 
cone  and  an  outer  die  or  bell.  The  space  between  the  cone  and 
bell  detennines  the  thickness  of  the  wall  of  tlie  pipe.  By  chang- 
ing these  the  various  sizes  of  sewer  pipe  are  made.  It  has  been 
found  of  advantage  to  have  the  issue,  or  the  distance  through 
which  the  clay  must  travel  between  the  dies  compressed  to  its 
minimiim  thickness,  quite  long.  Mr.  J.  E.  Minter  f  recommends 
an  issue  of  not  less  than  three  inches  for  dies  smaller  than  eight 
inches  and  not  below  four  inches  for  dies  over  eight  inches  in 
diameter.    The  basis  for  this  recommendation  is  that  where  the 

*  A  treatise  on  the  mannfactnre  and  nse  of  hollow  bailding  blocks  by  E.  G.  Dnrant  la  iaraed 
by  the  American  Clay-working  Machinery  Oo. 
+  Brick,  Vol.  XVni,  No.  1,  p.  iH, 
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issue  is  short,  blebs  of  air  imprisoned  in  the  clay  will  remain  and 
are  apt  to  form  blisters  on  the  pipes,  wliile  with  a  long  issue 
the  air  will  back  upw^ards  tlirough  the  loose  clay  and  escape  in 
the  direction  of  least  lesistance  rather  than  remain  in  the  clay. 
Beneath  the  die  is  the  lApe  table  w^liieh  receives  the  pipei  as  it 
issues  from  the  cylinder.  The  table  is  supported  by  a  vertical 
rod  which  is  kept  in  perfect  alignment  with  the  center  of  the 
cylinder.  The  table  is  raised  and  lowered  by  weights  which 
may  be  so  adjusted  as  to  counterbalance,  when  the  table  will 
easily  move  up  or  down  or  stand  at  any  position ;  or,  as  is  usual, 
when  pip^  are  being  made,  so  adjusted  as  to  offer  resistance 
to  the  emjerging  pipe.  The  pii)e  is  said  to  run  more  smoothly 
than  where  such  resistance  is  absent  or  but  very  slight.  After 
the  pii>e  is  forced  out  the  desired  length  it  is  cut  by  hand  by 
means  of  a  wire  or  automatically  by  means  of  a  ix>wer  cutter 
which  is  thrown  in  and  out  of  opeiation  at  will.  The  power 
cutter  consists  of  a  knife  edge  in  the  lower  part  of  the  cylinder 
which  is  thmst  out  and  given  a  circular  motion  that  severs  the 
pipe  when  the  cutting  mechanism  is  thrown  into  gear.  The 
length  of  stroke  of  the  piston  and  therefore  the  maximum  length 
of  pipe  is  about  four  feet.  The  size  of  the  pipes  ranges  from 
three  or  four  inches  to  three  feet-  in  diameter. 

MANUFACTURE  OF  POTTERY. 

The  pottery  interests  of  the  state  are  limited  to  the  manu- 
facture of  only  the  commoner  and  less  expensive  classes  of  stone 
and  earthenware.  In  the  stoneware  line,  jugs  and  jars  consti- 
tute the  large  proportion  of  the  output.  The  various  sizes  of 
flower  pots  nmde  from  both  red  and  light  burning  clays,  are  the 
principal  earthenware  products.  This  apparent  paucity  of  pot- 
tery products  can  not  be  said  to  be  due  to  the  laok  of  proi>er 
raw  materials,  for  tlie  present  investigation  has  shown  the  exist- 
ence of  clays  suitable  for  making  many  of  the  higher  and  cost- 
lier  grades  of  i)ottery. 
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The  procl9S8  of  forming  the  pieces  of  ware  may  be  divided  into : 
that  done  by  hand;  or  turning,  machine  manipiulation  or  jollying 
and  pressing.  Preliminarj^  to  forming  the  ware  by  any  of  these 
methods,  the  clay  which  has  been  properly  ground  and  rendered 
plastic,  is  wedged.  Wedging  consists  in  repeatedly  cutting  a  piece 
of  clay  of  convenient  size  to  handle,  with  a  small  wire  which  is 
drawn  taut  above  Uie  kneading  table.  After  each  cut  the  two  parts 
are  brought  forcibly  together  and  tlie  cutting  oi)eration:  repeated. 
By  this  means  air  blebs  are  eliminated  from  the  clay,  and  it  is 
said,  a  desirable  grain  given  to  the  clay  which  it  would  otherwise 
lack.  Clay  is  tlien  taken  in  sufficient  amount  for  the  piece  of  ware 
to  be  nmde  and  placed  on  a  horizontally  rotating  disc.  Here  it 
is  shaped  with  the  hands  and  turned  up  to  the  required  size  and 
outline.  The  surface  of  the  clay  is  intermittently  moistened 
with  a  wet  sponge  so  it  will  run  smoothly  and  not  trouble  by 
sticking  or  tearing  as  it  is  drawn  into  its  permanent  form. 
When  the  piece  is  complete,  it  is  detached  from  the  disc  by 
means  of  a  wire  or  thin  blade  and  placed'  to  dry.  Only  those 
pieces  of  pottery  can  be  made  in  this  way  which  have  circular 
cross  sections  and  fairly  thick  walls,  as  in  the  turning  they  must 
rotate  round  a  central  axis  and  possess  sufficient  rigidity  to  take 
and  maintain  shapes  as  high  as  three  feet  or  more  in  such  wares 
as  chums  or  large  jara.  Such  forms  may  taper  in  one  or  two 
directions.  The  first  difficulty  of  tlie  beginner  is  in  *' centering" 
the  piece  of  clay.  •  After  this  becomes  substantially  automjatic, 
practice  with  the  various  shapes  and  sizes  is  required  to  become 
expert.  A  high  degree  of  dexterity  is  necessary,  however,  to 
form  ware  of  true  proportions  and  uniform  thickness,  an  accom- 
plisliment  which  is  usually  attained  only  through  long  practice. 
This  is  the  practice  of  the  early  potter  and  is  gradually  giving 
way  to  the  use  of  the  jolly  or  jig. 

The  potter's  jolly  or  jig  consists  essentially  of  two  parts,  a 
horizontally  rotating  disc  furnished   with  a  hollow  metal  head 
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for  receiving  the  plaster  of  Paris  molds  in  which  the  ware  is 
made;  and)  a  pull-down  arm'  provided  with  a  ** template"  for 
shaping  the  interior  of  the  piece  of  ware.  The  motion  of  the 
rotating  head  is  not  positive  but  is  usually  imparted  by  friction 
between  a  pulley  on  the  vertical  shaft,  wliich  is  faced  with  rub- 
ber, and  a  vertically  rotating  disc.  The  speed  of  rotation  is 
thus  regulated)  by  a  foot  lever  which  adjusts  the  amount  of  fric- 
tion between  these  two  parts. 

The  molds  are  made  of  plaster  of  Paris  with  Ihei  interior  tlio 
desired  shap^  of  the  outside  of  the  ware.  They  are  made  of  a 
size  to  fit  the  head  of  tlie  machine  and  of  considerable  thickness 
so  that  when  set  into  the  head  their  weight  causes  them  to  whirl 
with  it.  Tlie  requisite  amount  of  clay  is  placed  in  the  whirling 
mold  and  first  roughly  shaped  with  the  hands.  The  ** pull-down" 
bearing  the  arm  for  accurately  shaping  the  interior  is  lowered 
and  the  clay  is  evenly  distributed  in  the  mold.  On  the  improved 
jollies  the  pull-down  lever  is  adjustable  so  that  any  number  of 
pieces  of  exactly  similar  outline  and  thickness  may  be  produced, 
and  of  such  weight  and  counter-balance  that  the  shaping  of  the 
olay  is  accomplished  with  the  least  exertion  on  the  part  of  the 
operator.  Special  adjustments  are  also  provided  for  jollying 
bulged  or  bellied  ware.  In  the  case  of  any  ware  in  which  the 
sides  are  other  than  vertical  or  regularly  tapering,  the  contain- 
ing mjolds  are  made  in  two  or  more  sections  which  are  separated 
when  the  ware  is  removed.  Where  the  opening  is  quite  small, 
as  in  jugs,  each  article  is  made  in  two  pieces  and  these  pieces 
cemented  together  by  means  of  a  thick  slip  of  clay  and  water. 
The  jolly  is  used  in  the  manufacture  of  jars,  jugs  and  the  larger 
flower  pots. 

The  smaller  sizes  of  flower  pots  are  made  on  a  pressing  ma- 
chine especially  designed  for  the  work.  By  the  substitution  of 
molds,  sizes  ranging  from  one  and  three- fourths  to  six  or  seven 
inches  in  diameter  are  made  by  machine.  The  plastic  clay  is  put 


218  TECHNOLOGY   OF   CLAYB. 

into  a  small  plunger  machine  from'  which  it  is  forced  in  one  or 
n¥>re  circular  columns.  The  columns  are  cut  by  wires  so  spaced  as 
to  make  small  cylinders  each  containing  the  correct  amount  of  clay 
for  one  pot  of  a  given  size.  The  flower  pot  machine  consists  of  a 
mold  set  in  a  whirling  disc.  Above  the  mold  is  a  plunger  having 
the  exact  shape  and  size  cf  the  interior  of  the  pot.  The  cylindrical 
blocks  of  clay  are  placed  in  the  mold  and  the  latter  elevated  by 
mieans  of  a  foot  lever  until  it  fits  over  the  plunger  from  above, 
which  presses  the  clay  firmly  into  the  mold.  The  bottom  of  the 
mold  is  the  top  of  a  lower  plunger  which,  as  the  mold  is  again 
lowered,  pushes  up  and  out  the  finished  pot.  The  capacity  of 
such  a  machine  depends  upon  the  agility  of  the  ojwrator. 

STONEWARE  GLAZING. 

Most  stoneware  articles  are  covered  with  a  glaze.  The  glazes 
are  made  of  ingredients  which  when  heated  to  the  burning  tem- 
perature  of  the  ware  will  fuse  and  attach  permanently  to  the 
surface  of  the  ware.  The  process  of  glazing  is  literally  the 
formation  of  a  thin  surface  layer  of  glass  for  the  purpose  of 
decoration  or  protection  of  the  ware  on  which  it  is  placed.  In 
order  to  serve  one  or  both  of  these  functions,  the  glaze  must  run 
evenly  when  melted  and  neither  craze  nor  shiver  after  the  ware 
comes  from  the  kiln.  Glazes  mlust  be  uniform  in  composition 
and  on  the  rough  grades  of  stoneware,  fuse  at  a  fairly  low  tem- 
perature.   If  a  color  is  to  be  imparted  by  means  of  a  glaze,  the 

■ 

coloring  matter  must  be  readily  and  unifonnly  absorbed  by  the 
glaze  ingredients  in  fusion. 

The  object  in  glazing  stoneware  is  primarily  protection.  The 
body  of  the  ware  is  seldom  vitrified  and  the  glaze,  being  thor- 
oughly vitreous  and  non-porous,  renders  possible  the  use  of 
stoneware  articles  for  containing  liquids.  Stoneware  glazes  are 
invariably  colored,  which  not  only  improves  the  api^arance  of 
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tlie  natural  clay  but  also  helps  to  obscure  and  correct  any  small 
defect  in  the  body  of  the  ware. 

There  are  three  kinds  of  glazes  made  use  of,  viz.,  salt,  slip 
and  Bristol  glazes. 

Salt  Glazing:  Salt  glazing  is  not  practiced  to  any  extent  at 
present  in  stoneware  manufacture,  but  it  is  Ihe  only  glaze  em- 
l>loyed  in  the  sewer  pipe  industry.  It  represents  the  simplest 
and  crudest  manner  of  applying  a  glaze  to  any  ware.  Common 
salt  is  shoveFed  into  the  fire  boxes  when  the  temperature  has 
reached  the  maximum  used  in  tlie  burn.  The  intense  heat  in  the 
presence  of  the  kiln  gases  and  water  vapor  (the  salt  is  very  com- 
monly moistened  before  being  applied)  dissociates  the  sodium 
chloride  (NaCl)  and  the  following  combination  with  water  takes 
place : 

2NaCl  +  H,0  =  2HC1  -f  Na,0. 

The  resulting  free  hydrochloric  acid  is  expelled  and  the  soda 
attacks  the  alumina,  silica  and  iron  of  the  clay  forming  the  glaze. 
Successful  salt  glazing  necessitates  a  temperature  above  cone  1 
where  the  clay  will  stand  it,  several  cones  above  this  will  in- 
crease the  likelihood  of  securing  a  good  glaze.  Iron  oxid  is  found 
to  be  a  necessary  ingredient  in  the  glaze,  giving  the  brown  and 
greenish  colors  and  increasing  the  fusibility.  More  elevated 
temperatures  are  recjuired  for  non-ferruginous  clays  and  clays 
which  are  impregnated  with  whitewash,  the  latter  being  mainly 
sulfate  of  lime. 

The  composition  of  salt  glazes  is  not  definitely  known,  nor  is 
the  character  of  the  clays  best  adapted  to  this  method  of  glazing 
fully  known.  The  most  conclusive  infonnation  in  these  regards 
are  the  results  of  experiments  made  by  L.  Ew  Barringer  at  the 
Ohio  State  University.*  Mr.  Barringer  quotes  the  analysis  of 
a  salt  glaze  and  of  a  clay  upon  which  it  is  successfully. used. 

•Transactions  Am.  Ceramic  Societj,  Vol.  IV,  p.  211. 
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» 

GLAZB.  CLAY. 

SiO,  55.340  63.110 

Al, Oa 21 .  340  23 .  300 

Fe,0, 2.640  2.235 

CaO 3.500  .725 

MgO 040  .970 

NagO 17.210  .490 

KaO -. 080  .930 

SO, .240 

H«0 7.810 

Total 100.285        99.810 

The  conclusions  drawn  from  a  series  of  tests  with  the  above 
clay  miade  by  varying  the  relation  of  the  silica  and  alumina  and 
the  size  of  the  grain  of  the  sand  are  given  in  full : 

**1.  A  clay  may  be  either  too  aluminous  or  too  siliceous  to  be 
successfully  salt-glazed. 

**2.  Clays  containing  alumina  and  silica  between  the  mole- 
cular ratio  of  1.00  alumina  to  4.6  of  silica;  1.00  alumina  to  12.5 
of  silica,  are  capable  of  receiving  a  salt-glaze  if  the  process  is 
properly  carried  out  If  these  limits  are  exceeded  the  material 
is  not  suited  for  salt-glazed  ware. 

**3.  While  it  is  possible  to  salt-glaze  clays  containing  alumina 
and  silica  in  the  above  ratios,  the  requirements  of  the  process  of 
making  stiff  mud  goods  would  net  i>enniit  the  use  of  such  sili- 
ceous clays  as  those  with  an  alumtna-silica  ratio  of  1  to  9  or  1 
to  10.  That  is,  the  practical  value  of  a.  clay,  as  to  plasticity, 
strength,  etc.,  will  draw  narrower  limits  than  those  found  in  the 
above  tests. 

**4.  As  regards  brightness,  smootlini&ss  and  finish  of  the  salt 
glaze,  it  makes  but  little  difTeience  whether  the  free  silica  in  the 
clay  is  fine  or  coarse. 

**5.  As  regards  color,  the  finer  the  sand  the  lighter  the  color 
of  the  glaze. ' ' 

The  presence  of  efflorescent  salts  in  the  clay  has  always  been 
considered  a  hindrance  in  salt  glazing.     On  drying,  these  salts 
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are  partly  brought  to  the  surface  and  there  deposited  as  a  scum. 
The  salt  must  combine  with  the  silica  and  alumina  of  the  clay 
through  this  scum  unless  the  temperature  of  the  kiln  is  suflS- 
ciently  high  to  decompose  these  efflorescing  compounds.  In  the 
latter  instance,  elements  may  be  furnished  which  will  assist  in 
the  formation  of  the  glaze.  The  conm:i:>ne8t  substance  which 
forms  whitewash  on  clays  is  calcium  sulfate  (CaS04+2H20). 
The  sulfate  is  not  decomposed  until  high  temperatures  are 
reached,  perhai>s  as  high  as  is  attained  in  much  of  the  salt  glaz- 
ing that  is  done.  On  dissociation,  a  thin  layer  of  caustic  lime 
(CaO)  still  coats  the  surfa<»  of  the  clay  and  tends  to  prevent 
the  attack  of  the  soda.  When  the  temperature  is  high  enough 
to  cause  the  lime  to  enter  into  combination  with  the  oonsituents 
of  the  clay,  then  the  soda  and  the  lime  undoubtedly  act  in  con- 
junction in  the  production  of  a  glaze;  and  if  the  lime  is  not 
present  In  excessive  amount,  it  adds  to  the  brilliancy  and  per- 
fection of  the  glaze.  It  will  be  noted  in  the  analys?s  quoted  that 
the  glaze  contains  3.5  per  cent  of  lime  while  tlie  clay  carries  but 
.725  of  one  per  cent.  This  excess  of  limie  in  the  glaze  is  very 
probably  due  to  the  efflorescence  of  lime  salts  on  the  outside  of 
the  clav. 

Investigation  of  the  effect  of  whitewash  en  salt  glazing  was 
also  made  by  Barringer.  No  decisive  results  were  obtained  but 
enough  was  done  to  warrant  the  statement  that,  **up  to  3  i)er 
cent  of  soluble  salts  may  be.  present  in  clay  without  seriously 
interfering  with  salt  glazing  when  conducted  at  Cone  8.'*  Cone 
8,  1310°  C,  represents  a  higher  temperature  than  is  commonly 
employed  in  burning  sewer  pipe  and  is  probably  fully  as  high 
as  the  average  stoneware  temperature.  It  is  principally  in  tlie 
glazing  of  sewer  pipe  and  paving  brick  that  difficulty  with  white- 
wash  is  encountered. 

In  practice,  the  ware  is  burned  to  the  desired  degree  and  is 
malted  a  few  hours  before  closing  down.    The  fire  holes  are  well 
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filled  with  fuel  and  the  kiln  is  allowed  to  Imrn  clear.  The 
damper  is  then  lowered  so  as  to  cut  off  a  good  share  of  the  draft. 
The  salt  is  fed,  a  shovelful  or  so,  into  each  fire  box.  The  vola- 
tilized salt  passes  in  among  the  ware,  which  is  set  openly  so  as  to 
give  opportunity  for  the  salt  to  reach  as  nearly  the  whole  sur- 
face area  of  the  pieces  as  i)0ssible.  With  the  draft  largely  cut 
oflf,  the  kiln  stands  in  a  bath  of  salt  vaix)r  until  tlie  first  salting 
is  exhausted.  It  is  always  noticed  that  the  kiln  is  perceptibly 
chilled  during  salting.  The  chemical  reactions  which  occur  in 
the  decomjx>sition  of  the  salt  and  the  formation  of  the  glaze  ap- 
l)ear  to  be  chiefly  endothermlic,  or  heat  consuming.  Because  of 
this  fact,  a  period  of  firing  must  follow  each  application  of  salt 
in  order  to  regain  the  necessary  temi>erature.  Some  have  at- 
tempted to  avoid  this  rapid  cooling  by  the  addition  of  resin  or 
oil,  or  both,  with  the  salt.  While  the  idea  is  a  correct  one,  this 
exi)edient  has  not  proven  very  successful.  On  closing  the 
damper  previous  to  salting,  the  kiln  becomes  filled  with  reducing 
gases— partially  burned  fuel,  hungry  for  oxygen.  Oxygen  is 
even  taken  from  the  iron  oxide  in  the  clay  to  help  satisfy  conv 
bustion,  and  the  color  of  the  ware  is  changed  from  a  red  to  brown 
or  black— which  condition  is,  however,  considered  to  be  favora- 
ble to  glaze  fonnation.  little  air  is  entering  the  kiln  and  any 
fuel,  whether  it  be  coal  on  the  grates  or  a  combustible  added 
with  the  salt,  will  be  only  imp3rfectly  burned  and  will  therefore 
add  little  to  the  heat  in  tlie  kiln.  The  work  of  the  salt  in  the  kiln 
is  a«c*ertained  by  drawing  trial  pieces.  When  these  trials  show 
a  good  glaze,  no  more  salt  is  re(|uired  and  the  kiln  is  closed 
down.  It  is  oftentimJes  necessarv  to  salt  three  or  four,  or  even 
more  times,  to  secure  the  best  })ossible  results. 

It  is  sometimes  found  that  although  trials  show  a  i:)erfect  glaze, 
when  the  ware  is  drawn  the  glaze  is  either  absent  or  verj^  poor. 
It  is  thought  that  the  sulfurous  gases  from  the  fuel  are  some- 
times active  to  thus  destroy  a  good  glaze.    At  tlie  conclusion  of 
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the  glazing  the  dampers  are  dropped  and  the  fire  holes  are  usu- 
ally mudded  tight.  The  fuel  still  on  the  grates  continues  to  slowly 
add  to  the  gases  in  the  kiln.  Sulfurous  acid  being  relatively  a 
heavy  gas  and  therefore  less  apt  to  find  its  way  out  through 
cracks  iff  the  kiln  walls  than  the  lighter  ones,  accumulates  and 
the  ware  is  soon  surrounded  by  an  atmosphere  strong  in  SO3. 
Just  what  the  action  of  the  sulfur  gases  on  the  glaze  is,  is  not 
known.  A  breaking  up  of  the  glaze  by  sulfate  combinations 
with  the  fluxes  seems  m)ast  probable.  This  condition  can  be 
remedied  only  by  drawing  all  tmconsumed  fuel  from  the  grates 
before  the  fire  holes  are  mudded  up. 

Slip  Glazing:  Slip  glazing  is  practiced  to  a  greater  extent  in 
stoneware  manufacture  than  is  salt  glazing.  The  basis  of  the 
slip  glaze  is  a  naturally  occurring  clay.  It  is  mixed  with  water 
to  a  creamy  consistency  and  applied  to  the  surface  of  the  ware 
by  dipping  or  spraying.  The  clay  may  be  used  alone  for  glaz- 
ing or  if  it  is  too  refractor>^  for  the  ware  or  if  it  is  desired  to 
modify  the  color,  fluxing  or  coloring  oxids  are  added. 

The  slip  clay  which  is  most  used  among  potters  is  mined  near 
Albany,  New  York,  and  goes  by  the  name  of  Albany  Slip.  The 
composition  of  this  clay  ar»cording  to  Prof.  Edward  Orton,  Jr.,* 
is  as  follows: 

SiOj 55.60 

Al  ,0, 14 .80 

Fe^Oa 5.80   . 

CaO 5.70 

MgO    2.48 

K,0 3.23 

N,0 1.07 

MnO  14 

H,0(Comb) 5.18 

Moisture  and  carbooic  acid 4.94 

P,0, 15 

Total 99. 14 


*  Report  Ohio  Geological  Sarrej,  Vol.  VII,  p.  106. 
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•This  shows  a  clay  with  over  18  i>er  cent  of  fluxes  and  rather 
below  the  average  in  silica.  It  is  unusually  fine-grained  and 
fuses  to  a  glass  at  Cone  4  which  makes  a  brilliant  brown  or 
brownish-black  glaze.  The  molecular  formula  calculated  from 
the  anaysis  is : 

.158K,0    1 

.079Na2O  I     g^.,  ^   . 

.469CaO     I-  'T^Si'n'  M  27Si03 
.286MrO    I    •^^^t'e.'^a^ 

.009MnO    J 

The  fonnula  indicates  the  essential  composition  of  the  glaze 
in  a  more  graphic  manner  than  does  the  analysis.  It  will  be 
noted  that  the  important  fluxes  are  the  alkalies  and  alkaline 
earths.  The  equivalents  of  ferric  cxid,  .16,  are  rather  above  the 
average  for  slip  clays.  It  is  the  iron  which  imparts  to  tlie  glaze 
its  brown  color. 

There  are  several  different  slip  clays  to  be  had  in  various 
parts  of  the  country.  They  differ  in  composition  principally  in 
the  i^ercentages  of  the  fluxes  relative  to  one  another.  In  the 
formula  given  one  flux  will  not  replace  another  to  any  great  ex- 
tent without  the  sacrifice  of  desirable  qualities  in  the  glaze. 
None  except  the  Albany  have  given  comtplete  satisfaction  used 
alone.  The  others  must  be  improved  by  the  addition  of  artifi- 
cial ingredients  or  mixture  with  other  slip  clays. 

A  good  slip  clay  makes  a  glaze  which  is  free  from  the  defects 
common  to  artificial  glazes.  It  will  fit  a  wide  range  of  clays  and 
since  it  is  a  natural  clay  will  undergo  the  same  changes  in  burn- 
ing, as  the  body  on  which  it  is  placed.  Artificial  mixtures  of 
exactly  similar  composition  to  the  natural  clays  have  failed  to 
give  the  excellent  results  as  to  gloss  or  color,  that  are  attained  by 
the  natural  clay. 

In  Delaware  county  of  this  state  a  brownish-yellow  surface 
clay  has  been  used  for  slip  glazing.  The  clay  occurs  as  a  thin 
stratum  of  subsoil  on  hillsides  and  appears  to  be  a  fine  wash 
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from  the  higher  slopes.    Lead  sulfid  was  added  to  this  clay  to 
render  it  suflBciently  fusible. 

The  characteristics  of  a  slip  clay  miay  be  listed  as  follows: 
Physically,  it  must  be  exceedingly  fine-grained,  and  free  from 
concretionary  matter ;  the  proportion  of  lime  and  magnesia  must 
be  high,  ranging  from  6  to  12  per  cent;  the  iron  content  should 
be  sufficient  to  produce  a  good  brown  color,  5  to  7  per  cent;  that 
the  clay  be  fusible,  it  must  be  high  in  alkaline  minerals;  the 
clay  must  have  a  low  shrinkage  in  drying  and  must  mature  in 
burning  as  little  above  2250"^  F.  as  possible. 

The  application  of  the  glaze  to  the  ware  is  accomplished  by 
dipping  the  partially  dried  ware  into  a  slip  or  slurry  which  is 
simtply  the  clay  stirred  into  suspension  in  water.  The  water  is 
absorbed  and  the  clay  adheres  as  a  film  on  the  surface  of  the 
^are.  Pieces  of  ware  with  large  openings,  as  jars  and  chums, 
are  glazed  both  inside  and  out  by  dipping.  Those  having  small 
openings,  as  jugs,  are  glazed  on  the  interior  by  forcibly  pump- 
ing the  slip  through  a  nozzle  or  spray  into  the  jug,  the  excess  be- 
ing emptied  out  Careful  handling  is  necessary  to  avoid  mar- 
ring the  glaze  in  transfemng  to  and  from  the  drying  shelves 
and  to  the  kiln. 

Bristol  Glazing:  The  Bristol  glaze  is  coming  into  more  gen- 
eral use  than  formerly.  It  is  most  commonly  made  as  a  white 
or  gray,  opaque  glaze  prepared  artificially  by  blending  certain 
fluxes  with  kaolin  and  flint  as  a  basis.  By  admixing  coloring 
compounds  nearly  any  desired  color  may  be  imparted  to  the 
glaze.  The  only  glazes  known  to  be  used  in  the  state  are  of  the 
white,  opaque  class.  They  are  used  to  replace  the  slip  glaze 
either  entirely  or  in  part.  Some  pieces  of  ware  are  glazed  on 
the  exterior  with  slip  and  on  the  inside  with  a  Bristol  glaze  or 
vice  versa.  The  Bristol  glaze  must  therefore  be  made  to  con- 
form to  the  requirements  of  the  slip  glaze. 

16 
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Cone  No.  4  is  used  as  the  basis  for  oompounding  Bristol  glazes. 
Its  formula  is,  -^^^  1 .5A1A,  4SiO,.     This  cone  fuses  at  2210^ 

F.  It  is  necessary  to  modify  the  relation  between  the  elements 
in  this  compound  in  order  to  mjake  glazes  which  will  fit  different 
clays ;  and  also  to  add  an  opacifier,  usually  zinc  oxid.  Whatever 
changes  are  made,  however,  it  is  evident  that  the  melting  point 
cannot  be  altered  very  m.uch.  The  following  are  formulae  of 
glazes  in  actual  use:* 

.407K  O  ) 

.194C«0  i   .507AI2O8,  '  2.85SiOa,  melting  at  cone  No.  5+- 

.399ZnO  ) 

.224K  O  ) 

.388CaO  (   .3567AI2O,.     3.00SiOi,  fusing  at  cone  No.  7. 

.386ZnO ) 

These  represent  about  the  limits  of  the  allowable  variation  of 
the  alumina.  Experimentation  has  shown  that  the  equivalents 
of  silica  may  range  between  3  and  4 ;  of  potash,  between  .2  and 
.3 ;  lime,  .2  and  A ;  of  zinc,  .3  and  .5.  The  potash  is  supplied  by 
the  use  of  feldspar,  the  alumina  and  silica  by  feldspar,  kaolin 
and  flint;  the  lime  by  whiting  and  the  zinc  is  used  as  the  oxidi 
Zinc  is  sometimes  replaced  by  tin  of  which  it  requires  fewer 
equivalents  to  produce  a  given  degree  of  opacity;  but  the  latter 
is  more  expensive  and  is  little  if  any  improvement  over  the 
former.  Because  of  the  necessarily  small  proportion  of  clay 
substance  in  the  glaze,  there  is  little  strength  or  bond  to  the 
mixture  to  hold  it  intact  when  it  dries  on  the  surface  of  the  ware. 
DiflSculty  is  thus  often  encountered  by  cracking  and  peeling  of 
the  glaze.  As  an  exi)edient  to  remedy  this,  some  soluble  salt 
may  be  added  to  the  mixture.  Such  salt  must  be  one  that  will 
not  injure  the  glaze.  The  purpose  of  the  salt  is  to  hold  the  glaze 
to  the  ware,  which  it  does  by  forming  a  network  of  crystals  be- 
tween the  layer  of  glaze  material  and  the  porous  body  clay. 
Mold  washings  are  sometimes  used  in  this  capacity  but  are  ob- 
jectionable on  account  of  the  sulfates  which  they  contain.    Borax 

*  Transactions  American  Ceramic  Society,  Vol.  IV,  p.  78. 
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is  rather  expensive  and  is  quite  volatile.  Sodium  carbonate  is  a 
rapidly  crystallizing  salt  and  is  to  be  recommended  as  being 
cheap  and  efficient  for  this  purpose. 

The  raw  materials  listed  above  are  in  the  larger  potteries  of 
the  country  intimately  mixed  and  ground  together  in  ball  or  tube 
mills  in  a  dry  or  slip  condition.  As  the  ingredients  are  usually 
purchased  in  the  pulverized  form,  however,  the  amount  of 
preparation  which  they  receive  in  the  smaller  establishments  is 
in  most  cases  limited  to  a  vigorous  stirring  together  in  water  by 
means  of  a  plunger-  The  ware  is  then  dipped  into  the  slip  by 
hand  or  the  slip  is  sprayed  by  means  of  a  nozzle  precisely  as 
slip  clay  glazing  is  done. 

PROPERTIES  OF  CLAYS  USED  IN  THE  MANLFACTURE  OF  THE 

FOREGOING  CLASSES  OF  WARES. 

Soft  Mud  Brick :  In  localities  where  clays  occur  of  refractori- 
ness sufficient  for  the  manufacture  of  fire  brick,  the  latter  are 
very  commonly  made  by  the  soft  mud  process.  In  Iowa  no  fire 
brick  are  made  by  this  method,  the  output  being  limited  practi- 
cally to  common  building  brick.  The  clays  that  are  used  varj^ 
in  nature  and  composition  from  the  soft  and  impure  surface 
drift  and  loess  to  the  more  easily  reducible  grades  of  shale.  In 
general,  the  sandier,  coarser-grained  clays  are  better  worked  by 
this,  method  than  any  other.  While  the  process  of  working  is 
one  that  will  bring  out  the  full  plasticity  of  the  clay,  plasticity  is 
not  so  important  a  property  as  in  clay  worked  by  the  stiflf  mud 
process,  where  the  clay  is  subjected  to  molding  forces  and  strain 
while  in  the  moist  condition.  The  only  strains  which  soft  mud 
brick  must  undergo  in  the  making  are  those  of  drying.  In  this, 
of  course,  the  greater  the  plasticity  the  less  are  the  brick  apt  to 
suffer  from  drying  checks.  Drying  conditions  are  regulated  to 
suit  the  clay  in  hand. 

Chemically,  the  clays  must  contain  enough  iron  to  give  the 
burnt  product  a  good  red  color.     Calcareous  minerals  are  very 
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commonly  present  and  miay  exist  in  percentages  as  high  as  10 
to  12  per  cent  without  injury,  if  finely  divided.  Concretionary 
lime  is  especially  common  in  the  drift  and  loess  clays  and  when 
allowed  to  go  into  the  brick  in  this  cfondition,  injury  invariably 
results.  Where  concretions  are  not  numerous,  they  may  be  re- 
moved by  hand  or,  if  finely  pulverized,  their  deleterious  effects 
are  largely  removed.  The  following  is  an  average  of  three 
samples  of  loess  clays  from  near  Council  Bluffs  which  are  used 
in  soft  mud  manufacture. 

SiO, 69.40 

A1,0, 8.96 

FetOs 3.03 

KjO 53 

NagO 1.72 

CaO. 4.54 

MgO 3.22 

SO, 1.37 

COa 4.42 

Loss  on  ignition 2. 16 

Moisture  at  100'' C 1.06 

Total 100.10 

Stiff  Mud  Brick :  The  requirements  which  a  clay  must  jneet  to 
be  applicable  for  stiff  mud  manufacture  are  somewhat  more 
closely  drawn  than  for  clays  of  the  preceding  class.  Many  of 
the  clays  suitable  for  soft  mud  brick  are  equally  well  adapted 
for  stiff  mud  methods.  It  is  also  to  be  remarked  that  many  of 
those  suitable  for  stiff  mud  manufacture  are  out  of  the  question 
for  soft  mud  brick.  Stiff  mud  clays  m!ust  possess  a  high  degree 
of  plasticity  in  order  to  give  satisfaction  in  the  auger  machine. 
Since  they  are  more  plastic,  shrinkage  in  drying  is  usually  great 
and  they  must  be  strong  to  resist  drying  strains.  Both  common 
and  paving  brick  are  made  of  stiff  mud  and  the  requirements  of 
clays  for  these  two  lines  differ  somewhat,  especially  their  chem- 
ical composition. 

Clays  for  common  brick,  if  they  possess  the  necessary  plas- 
ticity, vary  considerably  in  their  com'position,  coming  in  general 
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within  the  limits  mentioned  for  soft  mud  clays.  Paving  clays 
must  possess  such  a  composition  as  to  give  a  good  vitrified 
product  in  burning.  They  must  not  only  contain  a  high  per- 
centage of  the  fluxes,  but  the  fluxes  must  be  those  that  will  bring 
about  a  gradual  vitrification,  without  the  brick  losing  shape. 
Mixtures  of  clays  are  frequently  employed  for  making  vitrified 
wares.  One  of  the  clays  is  a  refractory  one,  which,  as  vitrifica- 
tion takes  place,  retains  the  form  of  the  ware.  The  others  are 
readily  fusible  and  serve  to  bind  the  particles  of  the  refractory 
day  together  into  a  vitreous  and  non-porous  body.  The  more 
fusible  clay,  likewise,  contains  a  considerable  proportion  of  iron 
which  imparts  to  paving  brick  the  red,  brown  and  other  dark 
colors.  The  following  tabulation  indicates  the  limits  between 
which  the  different  ingredients  of  paving  brick  clays  in  use  in 
Iowa  range. 

Mazimam         Minim  am 
per  oenl.  per  cent. 

SIO,. 74.58  58  56 

AljOa 22.33  8.28 

Fe.Oa 5.75  2.88 

KjO 1.15.  .29 

Na.O 1.79  1.08 

CaO 3.42  1.55 

MgO 3.47  1.22 

SO, 1.85  1.28 

CO, 2.23  1.73 

Loss  on  ignition 1.07  5.33 

HjOatlOO*' 1.13  .28 

The  total  amount  of  fluxes  in  the  clays  from  which  these  ex- 
tremes were  taken  ranges  from  10  to  18  per  cent.  The  clays 
which  were  highest  in  silica  carried  usually  the  higher  propor- 
tions of  the  fluxes  and  the  lower  quantities  of  alumina.  Their 
vitrification  temlperatures  run  from  1050°  C,  cone  05,  to  1230°, 
cone  3  +. 

Dry  Press  Brick :  For  making  pressed  brick,  quite  a  variety 
of  clays  is  applicable.  In  the  state,  they  are  made  from-  loess 
and  shale  clays.    Plasticity  is  not  an  eminently  necessary  char- 
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acteristic  of  pressed  brick  clays.  Since  they  are  molded  dry, 
this  property  is  not  developed  in  the  process  of  manufacture. 
The  clays  are,  however,  moistened  to  an  extent  that  is  found 
best  for  a  given  clay.  The  percentage  of  water  varies  from  5  to 
15  per  cent.  While  the  clay  is  not  rendered  plastic,  it  is  desir- 
able that  a  certain  degree  of  cohesion  be  developed  by  the  addi- 
tion of  the  water.  The  bond  is  strengthened  in  the  dry  press  ma- 
chine. The  clay  which  will  develop  the  strongest  bond  with  the 
least  amount  of  water  and  not  become  sticky,  mieets  best  the  re- 
quirements of  the  dry  press  process.  It  may  be  said  that  in 
general  the  more  plastic  clays  conform  in  the  greatest  diegree  to 
this  requirement  but  this  cannot  be  laid  down  as  a  rule.  Some 
of  the  less  coherent  loess  clays  are  found  to  make  excellent  dry 
press  products. 

In  color,  dry  press  clays  bum  from  a  light  buff  to  a  deep  red. 
It  is  often  desirable  to  use  a  light  burning  clay  in  this  connec- 
tion as  a  background  for  a  manganese  or  iron  mottle,  or  speckle. 
In  any  but  a  very  light' burning  clay,  mottling  does  not  show  up 
well.  The  buff  burning  clays  are  usually  low  in  iron  but  not 
necessarily  so.  It  appears  often  to  be,  rather,  a  peculiar  distribu- 
tion of  the  iron  mineral  in  the  clay  than  any  lack  in  quantity. 
Bed  dry  press  products  are  made  from'  loess  clays  and  red  burn- 
ing shales.  The  following  are  analyses  of  clays  employed  in  the 
manufacture  of  dry  press  brick  in  the  loess  state. 
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LOESS. 

COMPOSITION. 

SHALE. 

GBTHMAN17 

DALB. 

BROS. 

BUFF. 

RBD. 

73.69 

67.92 

Silica 

58.68 

58.02 

9.68 

11.76 

Alumina 

23.89 

23.05 

5.37 

6.72 

Iron  oxid 

3  83 

3.83 

1.27 

1.87 

Potash 

.84 

.90 

2.72 

1.92 

Soda 

2.19 

2.04 

1.53 

1.63 

Lime 

.96 

.30 

1.01 

1.18 

Mag^nesia 

1.70 

2.04 

SO, 

1.16 

.86 

COj 

.26 

3.88 

5.36 

Loss  on  ignition 

5.87 

8.10 

.71 

1.49 

Moisture 
Totals 

.79 

.96 

99.85 

99.85 

100.17 

100.10 

Drain  Tile  cmd  Hollow  Block :  Drain  tile  are  made  from  any 
of  the  commoner  grades  of  clays  that  are  usable  for  making 
stiff  mud  brick.  Tile  are  made  by  forcing  the  clay  through  a 
die  so  the  essential  physical  characteristics  of  the  clays  are  not 
different  from  those  of  stiff  mud  clays.  It  is  becoming  custom- 
ary, however,  to  vitrify  drain  tile  and  to  in  some  cases,  salt 
glaze  them!,  so,  for  these  reasons  good  vitrifying  clays  are  com- 
ing more  into  demand  for  this  class  of  goods.  The  paving. and 
sewer  pipe  clays  meet  the  necessary  requirements  of  the  manu- 
facture of  vitrified  drain  tile.  Many  of  the  drain  tile  of  the  state 
are,  nevertheless,  still  made  from  the  drift  and  loess  clays. 

Hollow  blocks  and  bricks  are  made  from  the  plastic  shales 
principally.  Plasticity  and  drying  strength,  along  with  vitri- 
fying qualities,  are  the  essentials  of  good  hollow  block  clay. 
Such  wares  are  not  usually  burned  to  complete  vitrification  so 
that  the  danger  of  loss  of  shape  from  this  cause  is  not  especially 
important.  The  clays  should  not  carry  much  lime,  but  the  ele- 
ments which  will  bring  about  incipient  vitrification  at  ordinary 
kiln  temiperatures  are  necessary  in  order  to  give  the  finished 
-ware  the  requisite  strength.    The  chemical  composition  of  a  rep- 
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resentative  shale  clav  of  the  state  from  which  hollow  wares  are 
made  is  given. 


AMERICAN  BEUCK  AND  TILB  OOUPANT. 


Silica 

51.95 
18.34 
7.56 
4.14 
3.36 
1.43 

Soda 

Sulfur  trioxid  .....'....-. 

2.69 

Alumina 

2.76 

Ferric  oxid 

Loss  OD  ifirnitiou 

7.39 

Lime 

Moisture 

.42 

Mfl-Drneciis. 

Total 

Potash 

100.04 

Sewer  Pipe :  Sewer  pipe  wares  are  vitrified  products  and  re- 
quire clays  high  in  the  fluxes.  The  same  clays  are  made  use  of 
that  are  employed  in  paving  brick  manufacture.  The  sewer  pipe 
body  is  ordinarily  a  mixture  of  clays,  one  a  semi-fire  clay  and 
the  other  a  clay  that  will  bum  to  the  required  degree  of  vitrifi- 
cation. A  high  percentage  of  iron  is  recommended  as  favorable 
to  the  best  formation  of  the  salt  glaze  with  which  the  pipes  are 
covered.  A  small  proportion  of  black,  top  soil  is  sometimes  in- 
cluded in  the  body  mixture  and  is  said  to  facilitate  the  forma- 
tion of  the  glaze.  Any  considerable  percentage  of  soluble  salts 
is  objectionable  as  the  attachment  of  the  glaze  to  the  ware  is 
hindered  thereby. 

Earthemvare:  Flower  pots  are  practically  the  only  repre- 
sentative of  this  class  made  in  the  state.  These  are  made  from 
white,  buff  and  red  burning  clays  derived  fromi  the  shale  beds. 
The  essential  properties  of  the  finished  pots  are  a  high  degree  of 
porosity  and  a  desirable  color.  Strength  is  not  an  important 
factor.  Great  plasticity  is  not  essential  as  the  pieces  are  formed 
by  pressing,  or  jollying  in  molds.  Any  clay,  therefore,  which 
will  bum  to  a  very  porous  body  and  that  possesses  a  decided 
color  (whites,  buffs  and  reds  are  in  greatest  demand,  although 
pinks  are  to  some  extent  salable)  will  prove  a  satisfactory  ma- 
terial. The  plastic  stoneware  clays  with  the  addition  of  con- 
siderable sand  mjake  a  good  buff  product.  Whatever  clay  is 
used  the  required'  porosity  is  secured  by  light  burning  or  the 
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addition  of  sand  or  both,  vitrification  never  being  allowed  to 
take  place.  Because  of  the  last  fact^  it  is  advantageous  to  use 
a  clay  which  does  not  vitrify  readily  at  any  ordinary  temper- 
atures. 

Stoneware:  Stoneware  clays  belong  to  the  semi-refractory 
group,  so-called  No.  2  fire  clays.  They  are  shale  clays  which 
contain  low  percentages  of  the  fluxes  and  in  which  the  iron  con- 
tent is  not  only  low  but  distributed  in  that  peculiar  manner  that 
gives  a  buff  or  yellowish  x?olor  to  the  burnt  clay.  The  percentage 
of  fluxes  must  be  large  enough  to  insure  partial  vitrification  so 
that  the  body  of  the  ware  is  made  substantially  impermeable  to 
liquids,  and  at  the  same  time  the  clay  must  be  suflSciently  refrac- 
tory to  keep  its  shape  in  a  salt-glazing  heat.  Much  of  the  stone- 
ware of  today  is,  however,  not  burned  to  vitrificatio^  and  is  en- 
tirely dependent  for  its  impermeability  upon  the  glaze  wliich 
covers  its  surface. 

A  good  stoneware  clay  should  be  free  from  concretionary  min- 
erals, such  as  iron  or  lime,  which  may  produce  blisters  on  the 
ware  that  the  glaze  will  be  unable  to  conceal.  The  clay  should 
contain  less  than  1.5  per  cent  of  iron  oxide.  It  must  possess  a 
plasticity  and  toughness  which  will  enable  it  to  stand  ''throw- 
ing" or  hand  turning.  These  properties  depend  upon  the  per- 
centage of  clay  substance  present  and  upon  the  fineness  of  the 
grain  of  the  sand.  A  size  of  grain  of  from  .002  to  .01  of  an  inch 
for  the  non-plastic  in  stoneware  clays  has  proved  to  be  most 
suitable.  Coarse  sand  renders  the  clay  so  absorbent  that  it  will 
not  hold  shape  well  in  turning. 

The  following  is  an  average  of  ten  separate  analyses  of  stone- 
ware clays  in  use  in  Ohio  potteries.' 


* 


Clay  base 56 .  65 

SaDdy  matter 37.45 

Fluxing  matter 4,44 

Moisture 1 .  57 

Total 100.14 


*OhioOeologlcal  Sarvey,  Vol.  VII,  p.  95. 
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In  these  clays  the  fluxes  represented  are:  Iron  oxid,  varying 
from  .99  to  2.00  per  cent;  lime,  from  .41  to  .60  of  a  per  cent; 
magnesia,  .18  to  .63  of  a  per  cent;  potash,  1.26  to  3.20  per  cent; 
soda,  0.0  to  .38  of  a  per  cent. 

Drying  of  Clay  Wares. 

GENERAL  CONSIDERATIONS. 

The  drying  of  clay  is  primarily  a  process  of  water  evapora- 
tion. Evaporation  of  the  water  must  be  carried  on  under  such 
conditions,  however,  as  not  to  injure  the  ware  dried.  Econom- 
ical drying,  therefore,  involves  the  problems  of  volatilizing  the 
water  contained  in  the  clay  and  the  employing  of  methods  of 
doing  this  in  the  most  advantageous  manner.  Brief  considera- 
tion will  be  given  in  tlie  following  paragraphs  to  the  physical 
principles  on  which  the  evaporation  of  water  depends,  and  to 
their  application  to  tlie  drying!  of  clays. 

The  water  which  clays  contain  consists  of  water  of  plasticity 
or,  tempering  water,  and  hygroscopic  water.*  The  latter  is  al- 
ways present  in  all  pulverized  or  earthy  substances  which  are 
allowed  to  stand  in  contact  with  the  atmosphere.  The  amount 
of  hygroscopic  moisture  in  clays  depends  partially  on  the  hu- 
mAdity  of  the  air,  but  more  largely  on  the  fineness  of  the  grain 
of  the  clays.  This  water  can  only  be  expelled  by  boiling  tem- 
peratures and  will  be  reabsorbed  as  soon  as  the  clay  reaches 
normal  temperature  again.  Only  water  of  plasticity  is,  there- 
fore, ordinarily  expelled  in  drying  and  it  is  to  the  evaporation 
of  this  water  that  consideration  will  be  given. 

The  removal  of  water  from  clays  conforms  to  the  same  physi- 
cal laws  as  the  evaporation  of  water  in  any  other  position.  It  is 
vaporized'  into  space  at  all  temi^eratures  and  turns  to  steam  when 
the  boiling  point,  100°  C,  is  reached.    The  temperature  of  water 

•  See  Drying  Shrinkage. 
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heated  to  boiling  will  remain  stationary,  as  long  as  vapor- 
ization continues,  until  the  water  is  all  converted  into  steam.  If, 
under  atmiospheric  pressures,  the  temperature  of  water  is  raised 
rapidly  to  130  degrees,  ebullition  or  a  bubbling  with  the  violent 
evolution  of  steam  takes  place.  The  change  of  water  to 
steam  is  accompanied  by  expaasionf  and  if  the  steam 
is  confined  in  any  way,  pressure  is  exerted.  Too  rapid  heating  of 
wet  clay  in  drying  will  somietime&  produce  these  conditions.  The 
clay,  from  which  the  steam  cannot  escape  as  rapidly  as  it  is 
formed,  is  subjected  to  cumulative  pressure.  Popping  of  brick 
thus  frequently  results  from  too  rapid  or  overheating  of  clay  in 
drying. 

The  transition  of  water  to  the  gaseous  or  vapor  state  involves 
the  consumption  of  a  certain  amount  of  heat,  which  does  not  be- 
come sensible  again  until  condensation  occurs.  The  absorption 
of  heat  in  the  formation  of  steam  is  evident  from)  the  fact  that, 
in  spite  of  the  continual  application  of  heat  the  temperature  of 
boiling  water  remains  at  100°  C.  until  it  is  all  vaporized.  The 
heat  thus  disappearing  is  consumed  in  bringing  about  vaporizar 
tion.  The  energy  tied  up  in  this  change  is  called'  ''latent"  heat 
of  water  vapor.  Similarly,  heat  is  consumed  in  the  evaporation 
of  water  at  all  temperatures  below  the  boiling .  point  The 
amount  of  heat  bound  up  by  evaporation  at  lower  temlperatures 
is  less  than  at  boiling,  but  for  any  temperature  the  number  of 
heat  units  required  to  evaporate  a  given  amount  of  water  is 
fixed  and  always  the  same  under  the  same  conditions.  These 
quantities  have  been  determined  for  a  considerable  range  of 
temperatures.  They  vary  from  606.5  heat  units*  for  the  con- 
vi&rsion  of  one  granKJ:  of  water  to  vapor  at  0°  C.  to  537  heat 
units  at  100°  C,  the  boiling  point  of  water.  The  latent  heat  of 
water  vapor,  therefore,  decreases  as  the  temperature  of  vapor 

f  steam  has  about  1, 6W  timea  the  yolame  of  the  water  from  which  it  ia  formed . 
*One  hMit  unit  =  theamoant  of  heat  necessarj  to  raise  the  temperature  of  1  ffram  of  water 
from  0  to  l»a 

I  Multiply  bj  60. 22  for  pounds. 
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formation  rises.  The  total  heat  necessary  to  bring  about  vaporiza- 
tion at  any  temperature  includes  along  with  the  latent  heat,  that 
necessary  to  raise  the  temjperature  of  the  water  to  the  tempera- 
ture of  evaporation.  In  the  case  of  vaporisation  at  boiling,  the 
latent  heat  nmy  be  found  in  text-books  oni  i>hysics. 

Formulse*  for  the  derivation  of  these  figures  and  tables  of 
latent  heat  may  be  found!  in  text-books  in  physics. 

With  the  above  information  at  hand,  simple  calculation  will 
show  the  approximate  amount  of  heat  actually  used  to  evaporate 
a  given  quantity  of  water  at  any  definite  temperature.  On  this 
as  a  basis,  estimlate  can  be  made  of  the  amount  of  fuel  whose 
heating  power  is  known,  the  combustion  of  which  will  produce 
the  necessary  heat  for  evaporation.  The  necessary  fuel  for  drv'^- 
ing  clays  whose  water  co^tent  is  known,  may  thus  be  calculated. 
While  the  above  computations  will  furnish  accurately  the  heat 
units  actually  used  in  diying  clays  with  known  percentage  of 
water,  allowances  must  be  made  for  the  many  sources  of  waste 
as  it  is  obviously  impossible  to  apply  all  the  heat  generated  by 
the  combustion  of  a  fuel  to  the  evaporation  of  water. 

The  continuous  evaporation  of  water  under  any  circumstances 
necessitates  the  presence  of  some  medium  which  will  remove 
the  vapor  as  it  forms.  In  a  given  enclosed  space  evaporation 
will  progress  at  a  given  temperature  only  until  such  space  is 
filled  with  vapor  or,  is  saturated.  In  order  that  evaporation 
may  go  on  continuously,  therefore,  either  the  surrounding  space 
must  be  such  that  the  saturation  point  cannot  be  reached  or,  a 
medium  must  be  present  which  will  constantly  remove  the  water 
vapor.  Atmospheric  air  is  the  important  medium  of  transfer 
in  all  drying  operations. 

Water  evaporates  into  space  whether  the  latter  is  occupied  by 
a  gaseous  medium  or  not.  The  gaseous  elements  of  the  air  oc- 
cupy atmospheric  space  and  since  it  is  by  the  movements  of 

•L  =  807.6-0.  W5T  and 
Q  =  6C6. 6  +  0.  SOfiT  where  L  =  la'  ent  heat  of  vapor. 
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these  gases  that  water  vapor  is  carried  from  the  place  of  evap- 
oration, the  ability  of  the  atmosphere  to  contain  water  vapor  is 
commonly  spoken  of  as  the  ** capacity  of  the  air  for  moisture." 
The  capacity  of  a  given  volume  of  dry  air  to  hold'  moisture  de- 
pends upon  its  temperature  and  pressure. 

When  water  evaporates,  the  resulting  vapor  exerts  a  pressure 
or  *^ tension,''  which,  combined  with  the  pressure  of  the  atmos- 
phere itself  determines  the  barometric  reading  at  any  time.  The 
maximfum  value  of  this  vapor  tension  is  limited  by  the  tempera- 
ture. At  boiling,  vapor  tension  is  equal  to  the  pressure  of  the 
atmosphere  and  the  vapor  will  therefore  displace  the  air.  Each 
temperature  below  boiling  has  its  maximum  vapor  tension,  be- 
yond which  point  no  further  evaporation  will  take  place,  this 
being  the  point  of  saturation.  These  values  have  been  deter- 
mined for  a  considerable  range  of  temperatures.  ^Tables  of 
vapor  tensions  may  be  found  in  text-books  on  physics  and  in 
meteorological  publications. 

It  is  thus  possible  to  calculate  for  a  known  volume  of  air  of 
definite  temperature  and  under  any  observed  barometric  pres- 
sure, the  greatest  amount  of  water  vapor  which  it  will  hold.  It 
is  done  by  the  use  of  the  following  formula: 

Wt.  water  vapor  per  litre  =  ^-^3  F.   .6235  -^  ^hich, 

760(1  +  at) 

1.293  =  weight  in  grams  of  a  litre  of  dry  air  at  0°C.  and  760  mm. 

.6235  =  specific  gravity  of  water  vapor  with  air  as  unity. 

F  =  tension  of  water  vapor  at  VC, ,  the  temperature  of  observation. 

a  =  coefficient  of  expansion  of  air  at  0°C. 

760  mm.  =  inches  of  mercury  column,  standard  barometric  pressure. 

This  pressure  is  assumied  as  an  average  since  actual  pressures 
fluctuate  both  above  and  below  this  a  considerable  distance. 

Practical  application  of  this  formula  necessitates  bringing 
into  consideration  the  humidity  of  air  before  it  is  used  in  dry- 
ing operations.  If  the  air  were  perfectly  free  from  water  vapor, 
our  formula  would  give  the  exact  volume  of  air  required  to  ac- 
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complish  a  given  amount  of  drying  at  any  temperature.  It  is  a 
familiar  fact,  however,  that  the  atmosphere  always  contains 
moisture.  The  quantity  of  moisture  in  the  atmosphere  depends 
upon  its  temi>erature  and  its  opportunity  for  taking  up  vapor  as, 
the  bodies  of  water,  lakes,  rivers,  etc.,  with  which  it  comes  in 
contact.  As  previously  shown,  air  will  absorb  at  a  certain  tem- 
perature only  a  limited  amount  of  water.  The  higher  the  tem- 
perature the  larger  the  quantity.  This  quantity  is  called  the 
humidity  of  the  atmosphere  and  the  stage  at  which  no  more 
moisture  will  be  taken  up,  is  the  saturation  point  It  is  evident 
that  if  the  temperature  of  a  current  of  air  which  is  saturated  is 
lowered,  condensation  will  occur  or  dew  will  be  dfeposited. 

The  function  of  air  in  drying  clays  is  to  take  up  moisture. 
The  air  must  be  taken  from  the  atmosphere  with  the  moisture 
in  it  which  it  already  happens  to  contain.  This  amount  can  be 
determined  by  an  instrunaent  called  the  hygrometer.  From 
what  has  been  said,  it  is  plain  that  the  dryer  the  air  is  to  begin 
with,  the  more  drying  a  given  volume  will  do.  And,  further, 
that  the  only  way  to  increase  the  drying  power  of  air  is  to  raise 
its  temperature. 

It  is  important,  too,  in  drying  clays  that  the  air  never  be 
allowed  to  become  saturated.  Deposition  of  dew  on  clay  wares 
is  the  cause  of  annojdng  diflSculties,  especially  efflorescences 
where  kiln  or  flue  gases  are  made  use  of  in  drying.  Air  should, 
however,  be  'filled  with  moisture  as  nearly  as  possible  to  the 
saturation  point  before  it  is  removed  from  the  dryer. 

Where  dlying  is  carried  on  in  the  open,  it  is  performed  by 
air  with  the  prevailing  temperature  and  relative  humidity.  The 
consumption  of  fuel  is  not  necessary  to  keep  the  air  in  motion 
nor  to  furnish  heat  for  the  evaporation  of  water.  The  needed 
energy  comes  directly  fromi  the  sun  and  no  control  of  the  heat 
is  had,  nor  of  the  circulation  of  the  drying  currents.  In  most 
rack  or  shed  drj^ers,  the  heat  is  derived  from  the  same  source 
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but  the  circulation  is  usually  under  partial  control.  The  latter 
method  is  usually  employed  for  the  preservation  of  the  ware 
dried  and,  although  the  drying  is  accomplished  with  a  smaller 
amount  of  air,  it  cannot  be  said  to  be  more  economical,  from  the 
standpoint  of  drying  alone,  because  there  is  no  expense  in  heat- 
ing or  moving  the  air.  It  is  in  closed  dryers,  where  fuel  is  con- 
sumed in  heating  and  moving  the  drying  miedium,  that  it  be- 
comes economically  important  to  perform  the  drying  with  the 
smallest  possible  volume  of  air. 

Clays  vary  a  great  deal  in  the  quantity  of  water  required  for 
tempering.  Since  tempering  water  only  is  removed  in  the  dryer, 
the  amount  which  it  is  necessary  to  evaporate  in  drying  also 
varies.  As  an  average,  it  may  be  said  that  clays  worked  by  the 
plastic  process  contain  22  per  cent  of  water.  For  one  thousand 
brick,  this  means  in  the  neighborhood  of  1,700  pounds  of  water 
to  evaporate  in  drying.  A  dryer  tunnel  containing  twelve  cars 
each  loaded  with  five  hundred  standard  bricks  must  pass  enough, 
air  to  carry  out  over  five  tons  of  water  from  these  brick.  It  thus 
becomes  a  problem  for  investigation  to  determine  for  a  given 
dryer  the  most  saving  conditions  under  which  this  water  can  be 
removed. 

In  open  air  drying,  the  currents  of  air  which  carry  away  the 
water  are  wanned  by  the  sun's  heat.  The  specific  heat  of  air  is 
.2374.*  A  cubic  meter  (1.308  cu.  yds.)  of  air  weighs  1.293  kilo- 
grams at  0°  C.  and  760  wm-  barometric  pressure.  The  heat 
contents  of  each  cubic  mieter  of  air  at  zero  degrees'  is,  therefore, 
1.293  times  .237  =  .306  kilogram  calories.  At  any  higher  degree, 
its  contained  heat  would  be,  ^-293  times^. 237  times  t,  ^^  ^^j^^^^  ^^  ^^ 

the  coefficient  of  expan8ion;=:.00367t  and,  t,  the  observed  tempera- 
ture. (See  page  237.)  If  we  assume  an  average  sumimer  beat  of 
16°  C.  (most  out  of  door  drying  being  done  in  the  summer)  it 
is  seen  by  the  formula  that  the  heat  content  of  a  cubic  meter  of 

*AdT«aoedHeat.    Stewart,  p.  117. 
fBegoAalt^B  determination.   Stewart,  p.  81. 
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air  is  4.631  units  which  shows  an  average  of  essentially  .3  heat 
units  for  each  degree  of  temlperature.  These  heat  units  are 
taken  up  as  latent  heat  by  the  water  in  drying  and  as  a  conse- 
quence the  temperature  of  the  air  is  lowered.  This  means  that 
for  every  degree  the  air  is  cooled  it  loses  .3  units  of  heat 
The  measurable  heat  of  water  and  the  latent  heat  of  water 
vapor  formed  at  ordinary  temperatures  may  be  taken  as  611 
heat  units,  i.  e.,  to  evaporate  one  kilogram  of  water  at  16°  C. 
uses  611  heat  units;      .3  units,  therefore,  ^JL!i5£?_^?l5!5£-J 

will  evaporate  at  this  temperature  only  .491  of  a  gram. 

We  have  already  assumed  an  average  of  1,700  pounds  (772+ 
kgms.)  of  water  per  thousand  brick.  To  evaporate  772  kilo- 
gramls  of  water  requires,  611  times  772=471,692  heat  units.  To 
dry  a  thousand  brick,  therefore,  with  air  at  ordinary  tempera- 
tures requires  that  1,572,301  (772,00-r-.491)  cubic  meters  of  air 
lower  one  degree  in  temperature  to  furnish  the  required  amouiit 
of  energy.  Or,  where  the  air  is  somewhat  confined  as  in  drying 
sheds  so  that  it  may  remain  in  contact  with  the  wet  ware  for  some 
time,  the  same  evaporative  power  would  be  possessed  by  one- 
half  the  volume  lowering  two  degrees,  or  by  one-tenth  lowering 
ten  degrees  and  so  on. 

Whether  or  not  drying  actually  approaches  in  efficiency  these 
theoretical  figures  depends  largely  on  the  humidity  of  the  air. 
Air  near  its  saturation  point  gives  up  its  heat  much  less  readily 
and  will  consequently  take  up  water  more  slowly  than  compara- 
tively dry  air,  Eapidity  of  movement  of  the  currents  of  air  also 
influences  their  drying  capacity.  As  a  general  thing,  very  little 
change  of  temperature  is  ever  actually  noticed  in  outside  dry- 
ing but  the  drying  depends  largely  on  the  air  circulation.  The 
more  rapidly  this  takes  place,  the  more  air  is  brought  in  contact 
with  the  clay  and  consequently  drying  progresses  more  speedily. 

In  closed  chamber  dryers  the  conditions  are  different  from 
those  discussed  in  several  particulars.     The  air  no  longer  cir- 
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culates  of  itself  but  a  draft  must  be  produced  to  move  it.  The 
heat  for  drying  is  not  contained  in  the  air  as  it  enters  from  the 
outside,  but  must  be  supplied  to  it  artificially.  Both  movement 
of  the  air  and  heating  it  requires  the  expenditure  of  energy  which 
is  not  necessary  in  out  of  door  drying.  Of  the  heat  supplied 
to  the  air,  it  is  clear  that  not  all  is  utilized  in  the  evaporation 
of  water ;  for  this  air  leaves  the  dryer  at  a  higher  temtperature 
than  it  enters,  thus  carrying  out  considerable  quantities  of  sen- 
sible heat.  Likewise,  the  brick  enter  the  dryer  at  atmospheric 
temperatures  and  leave  it  at  much  higher  temperatures.  These 
two  are  the  chief  sources  of  waste  of  heat  in  the  drver  and  are 
in  turn  briefly  treated. 

On  leaving  a  drying  chamber,  one  cubic  meter  of  vapor  sat- 
urated air  at  30°  C.  consists  of  .958  cubic  meter  of  dry  air  and 

.042  of  water  vapor,  ( — ^   '  )  where  31.6  is  the  tension  of 

aqueous  vapor. 

The  .958  cubic  meter  of  dry  air  can  hold  the  following  heat 
units: 

''^^^-^^I'^^IJ''^    =  7.935  heat  unit.. 
1  +  .00367  X  30 

When  this  same  dry  air  entered  the  dryer  at,  say,  10°  C,  it 
had  a  volume  of, 

— ;. ^- =  .893  cubic  meters. 

1+  .00367(30  —  10) 

This  volume  of  air  could  carry  as  it  came  into  the  dryer, 

LM^^J93  X    237^><J0:  ^  2  639  heat  units. 
1  +  .00367  X  10 

The  amount  of  heat  taken  out  of  the  dryer,  therefore,  in  each 
cubic  meter  of  air  under  the  assumed  conditions  is,  7.935  — 
2.639  =  5.296  heat  units. 

The  above  result  is  obtained  on  the  assumption  that  the  air 
on  issuing  from  the  drj-er  is  completely  saturated.  This  is  sel- 
dom if  ever  true.  Its  degree  of  saturation  or,  relative  humidity, 
may  be  ascertained  in  any  instance  and  the  value  used  in  the 

16 
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formula.  Assuming  for  example,  that  the  outgoing  air  is  but 
half  saturated,  which  is  ordinarily  more  nearly  the  ease,  similar 
calculations  to  tlie  above  will  show  that  at  30°  C.  8,108  heat  units 
will  be  carried  out  per  cubic  meter  of  saturated  air.  At  10°  the 
same  air  carries  in  2.696,  making  a  loss  in  this  case  of  5.412  heat 
units.  If  each  cubic  meter  passing  tlirough  the  dlryer  causes  a 
loss  of  5.412  units  of  heat,  the  total  loss  per  each  thousand  brick 
is  56,610  heat  units. 

In  the  same  manner  may  be  calculated  the  loss  of  heat  in- 
curred by  bringing  the  air  into,  and  removing  it  from,  the  dryer 
at  any  observed  temperatures. 

We  have  seen  that  at  these  low  temperatures  611  heat  units 
afe  required  for  the  evaporation  of  each  kilogram  of  water.  As 
has  been  shown,  to  remove  the  water  from  1,000  brick  (772 
kgms.)  requires  471,692  heat  units.  And  since  each  cubic  meter 
of  air  at  the  highest  temperature,  30°  C,  can  evaporate  13.55 
grams  of  water,  to  dry  1,000  brick  takes  772  X  13.55  or  10,460  + 
cubic  meters  of  air. 

Seger  gives  the  following  form/ulae  for  the  calculation  of  the 
capacity  of  chimneys.*  In  their  practical  application  these  ex- 
pressions miay  be  used  for  determining  the  dimensions  of  a  stack 
for  circulating  an  amount  of  air,  at  the  temperatures  of  opera- 
tion, which  is  found  necessary  to  remove  the  water  from  a  given 
amount  of  clay  in  the  time  required  to  dry  it. 

J    (t  — t')dh       _ 
Y_g28  ■  4  08  4-    oi6h    ~    velocity  of  air  in  meters  per  minute  and , 

V     =;=  — . —  =  volume  of  air  in  cubic  meters  per  minute. 
4 

In  these  formulae: 

t  —  t'  =  the  temperature  difference  between  the  shaft  of  the  chimney 

and  the  outside  air, 
d  =  the  diameter  of  the  chimney  at  its  mouth, 
h  =  the  height. 


^  Collected  Writings  of  Hermann  A.  Seger,  p.  £08. 


QENEBAL   CONSIDERATIONS.  243 

The  clay  as  it  enters  the  drying  chamber  has  the  temperature 
of  the  atmosphere  and  as  it  leaves  carries  out  considerable  quan- 
tities of  sensible  heat.  The  specific  heat  of  day  is  about  .2. 
The  heat  carried  out  is  calculated  by  the  weight  of  the  ware,  or, 
M,  multiplied  by  .2  (t  —  t')  where  t  —  t'  =  difference  in|  tem- 
perature of  the  brick  at  entrance  and  exit.  One  thousand  brick 
contain  on  an  average  7,700  pounds,  3,500  kilograms,  of  dry 
clay.  Under  the  conditions  assumed  above,  3,500  x  .2  (30  —  10) 
=  14,000  heat  units  per  thousand  brick. 

We  have  now  obtained  the  amount  of  heat  used  in  the  evapo- 
ration of  the  water  from  1,000  brick,  471,692  heat  units;  that 
taken  out  as  sensible  heat  in  the  escaping  half-saturated  air, 
56,110,  and  the  heat  dissipated  by  the  clay  itself,  14,000  heat 
units.  Total  energy  necessary  to  dry  1,000  brick,  neglecting 
radiation,  is,  therefore,  542,302  units  of  heat. 

This  energy  is  supplied  in  artificial  dryers  by  the  combustion 
of  fuel.  The  average  Iowa  coal  furnishes  6,700  heat  units  per 
kilogram.  To  dry  a  thousand  brick,  requires  the  consumption, 
therefore,  of,  in  round  numbers,  81  kilograms,  or  178  pounds  of 
coal. 

By  carrying  out  similar  calculations  to  the  above  for  a  range 
of  temperatures  and  different  degrees  of  humidity,  it  may  be 
shown  that  (1)  economy  can  nevi?r  be  obtained  unless  the  air 
is  removed  very  nearly  saturated.  The  rule  in  this  regard  is, 
therefore,  to  remove  the  air  only  after  it  has  taken  up  practi- 
cally all  the  water  vapor  it  can  hold,  and  before  dew  is  depos- 
ited.  (2)  Economical  diying  in  closed  compartments  can  be 
had  only  at  temperatures  above  50°  C.  (122°  F.),  and  below 
100°  C,  when  the  air  is  removed  as  nearly  saturated  as  possible. 
The  amount  of  heat  carried  out  by  the  air  rises  rapidly  as  the 
humidity  decreases;  and  as  the  temperature  of  drying  is  low- 
ered the  ratio  of  heat  loss  to  that  actually  used  in  the  evapora- 
tion of  water  increases  very  rapidly. 
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By  the  application  of  the  physical  ^principles  here  given,  it  is 
believed  that  much  information  can  be  gained  regarding  the  effi- 
ciency of  drying  systems.  Observations  on  the  temperature  and 
the  humidity  6f  the  in  and  out-going  air,  the  amount  of  water  in 
the  ware  to  be  dried  and  the  fuel  consumed  will  furnish  ample 
data  for  computing  the  working  efficiency  of  the  dryer. 

PRACTICAL  CON8IDBBATION8  IN  DRYING  CLAYS. 

Although  the  preceding  discussion  of  physical  principles  shows 
just  what  economy  can  be  attained  in  drying  under  ideal  or  as- 
sumed conditions,  and  at  the  same  time  furnishes  a  means  of 
gaining  information  regarding  the  efficiency  of  any  drying  sys- 
tem under  practical  working  conditions,  it  is  scarcely  if  ever 
possible  to  plan  the  operation  of  a  dryer  alone  on  these  princi- 
ples. If  the  drying  of  clays  were  alone  a  matter  of  water  evap- 
oration, heat  and  air  supply  could  be  so  proportioned  as  to  ac- 
complish this  with  the  smallest  possible  waste.  Since,  however, 
the  preservation  of  the  form)  and  strength  of  the  ware  itself  is 
the  primary  consideration,  drying  must  be  so  conducted  as  to 
most  economically  remove  the  water  while  retaining  these  nec- 
essary characteristics  of  the  ware  dried.  That  is,  instead  of  con- 
structing and  operating  a  dryer  after  the  theoretical  principles 
on  which  the  evaporation  is  based,  the  problem  must  be  ap- 
proached from  the  standpoint  of  the  character  of  the  clay  to  be 
dried.  It  is  evident,  therefore,  that  in  order  to  dry  a  given  clay 
safely  it  may  be  necessarj^  to  uss  several  times  the  heat  and  vol- 
mne  of  air  physically  retiuired  to  evaporate  the  water.  Heat  and 
fuel  consumption,  therefore,  become  secondary  in  imiDortance, 
and  economy  in  this  res])ect  must  veiy  often  be  almost  entirely 
disregarded.  In  many  instances  it  is  ix>ssible,  however,  to  greatly 
curtail  the  expense  of  drying  by  applying  a  knowledge  of  the 
physical  side  of  the  process,  and  still  preserve  the  best  quality  of 
the  ware.  The  readiness  with  which  clays  dry  depends  chiefly  on 
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the  relative  proportions  of  clay  suhstaaoe  and  non-plastio  matter 
that  they  contain ;  and  on  the  shape  and  size  of  the  particles  of  tlie 
non-plastic  material.  In  other  words,  the  structuie  of  the  clay  is 
all  inaportant  Clay  substance  as  it  occurs  in  ordinary  clays  ix)s- 
sesses  tha  finest  grain  of  any  of  the  oonstituents  and  because  of 
its  cleavage  structure  takes  up  and  hold®  water  witli  tenacity.  If 
the  flakes  of  clay  substance  are  coarse  as  in  some  residuary 
kaolins,  it  imbibes  little  more  water  than  would  be  taken  bv  so 
much  sand.  In  some  secondary  clays  it  has  been  found  that  the 
sand  grains  present  are  as  fine  or  finer,  than  the  particles  of 
kaolinite.  In  such  instances,  they  increase  the  difficulty  of  dry- 
ing because  the  fine  grains  of  saud  tend  to  hold  water  by  capil- 
larity, as  does  clay  substance,  the  more  water  is  so  held  the 
smaller  the  grain. 

The  two  factors  mentioned  control  the  ease  with  which  water 
reaches  the  surface  of  a  mass  of  drying  clay  when  it  is  bathed 
in  drying  currents  of  air.  In  general,  the  higher  the  proportion 
of  non-plastic  material  the  more  rapidly  the  clay  will  dry  safely 
but  the  less  will  be  its  strength.  Of  course  the  limit  to  the 
amount  of  non-plastic  matter  it  is  possible  to  use  is  largely  deter- 
mined  by  the  allowable  extent  to  which  cohesive  strength  can  be 
sacrificed  in  the  dry  ware.  The  finer  the  grain  of  the  inert  matter 
the  less  will  it  influence  plasticity  and  shrinkage.  A  medium 
fineness  reduces  shrinkage  most  with  the  least  impairment  of 
strength.  The  influence  of  non-plastic  substances  on  clays  has 
been  more  fully  treated  in  the  chapter  on  Physijeal  Properties  of 
Clavs. 

The  operation  of  removing  water  from  clay  ware,  commonly 
r^arded  as  a  continuous  process,  may  fairly  be  divided  into 
three  move  or  less  well  defined  stages.  These  are:  (1)  heating, 
up  stage,  (2)  period  of  shrinking,  f3)  stage  of  evarx>ration  or 
completion  of  the  drying  proper. 
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Under  ordinary  circumstances,  clay  wares  come  from  the  mold- 
ing machinery  at  the  temperature  of  the  atmosphere.  The  pieces 
of  ware  are  to  be  placed  in  the  dryer  which  has  a  much  higher 
temperature.  If  the  humidity  of  the  diryer  atmosphere  be 
low,  this  sudden  change  causes  the  clay  to  at  once  b^n  to  dry 
very  rapidly  on  the  outside  before  the  interior  ix)rtions  have 
passed  beyond  atmospheric  temperature.  Under  these  condi- 
tions, the  outward  flow  of  moisture  is  more  sluggish  than  if  all 
portions  are  equally  heated  before  drying  is  allowed  to  begin. 
Shrinkage  strains  are  thus  set  up  which  often  result  in  cracked 
ware.  In  order  to  obviate  this  difficulty,  the  ware  must  either  be 
heated  very  gradually,  or  be  introduced  into  a  dryer  atmosphere 
which  is  already  nearly  saturated.  The  latter  method  is  usually 
more  expediently  employed. 

In  the  continuous  dryer,  which  is  most  used. at  the  present 
time,  it  has  been  found  most  practical  as  well  as  economical,  to 
allow  the  ware  to  stand  in  a  steamy  atmosphere  until  thoroughly 
heated  through  before  drying  is  permitted  to  begin.  This  pre- 
caution is  especially  imiportant  if  the  clay  is  a  tender  one.  After 
the  clay  has  reached  the  temperature  of  the  entrance  end  of  the 
dryer,  it  is  ready  for  movement  into  less  humid  air  where  the 
second,  or  shrinkage  stage,  begins. 

As  soon  asi  shrinkage  begins,  the  process  is  carried  forward 
as  rapidly  as  the  clay  will  stand.  Damage  most  often  results  in 
this  stage  even  if  the  first  has  been  safely  passed.  Greater  care 
and  longer  time  are  required  in  this  period  for  tender  clays  than 
for  strong  ones.  The  humidity  of  the  air  is  decreased  and  the 
temperature  raised  as  the  clay  shrinks  less  and  less. 

At  the  close  of  this  period  the  water  which  the  clay  still  con- 
tains is  held  in  the  pores  of  the  clay  and  is  known  as  pore  water. 
The  small  clay  particles  because  of  the  removal  of  the  water 
from  between  them  have  settled  together  until  they  touch  each 
other  at  all  possible  points.    We  do  not  conceive  their  size  to  be 
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constant  nor  their  shape  rectangular,  so  there  still  exists  between 
them  innumerable  small  cavities  which,  after  shrinkage  has  pro- 
gressed as  far  as  it  will,  are  still  filled  with  water.  The  amount 
of  water  thus  held,  which  must  be  driven  out  in  the  final  stage, 
ranges  from-  4  to  15  per  cent. 

The  removal  of  this  remaining  moisture  becomes  essentially 
a  problem  of  evaporation.  When  shrinkage  ceases  there  is  no 
longer  any  danger  of  damage  to  the  ware  unless  the  temperature 
is  elevated  to  212°  F.,  or  boiling.  Steam  is  formed  in  the  pores 
of  the  clay  at  this  temperature  and  popping  or  ^* blowing"  is  apt 
to  result 

At  the  comfpletion  of  this  final  stage  of  drj^ing  the  clay  is  said 
to  be  '*bone"  or  **  white"  dry  and  is  ready  for  the  kiln  although 
it  still  contains  sometimes  as  high  as  3  per  cent  of  water.  The 
moisture  which  the  clay  still  holds  is  hygroscopic  and  can  be  re- 
moved  only  at  boiling  temperatures.  It  is  of  little  use  to  remove 
this  in  the  dryer  as  it  is  again  absorbed  when  the  ware  is  brought 
in  contaxjt  with  the  atmosphere. 

There  are  five  typical  methods  of  accomplishing  the  drying 
of  clays:  (1)  Outside  air  drying;  (2)  the  hot  floor;  (3)  sewer 
pipe  or  slatted  floor;  (4)  periodic  or  chamber  dryer;  (5)  the 
continuous  tunnel  dryer. 

OPEN  AIR  DRYING. 

Open  air  drying  is  carried  on  in  two  ways,  viz.,  by  standing 
the  brick  edgewise  on  a  level  area  of  ground  with  no  cover  what- 
ever, and,  by  the  rack  and  pallet  system,  the  racks  usually  being 
provided  with  some  form  of  roof  protection.  In  the  former  case, 
the  ware  is  dried  by  the  circulation  of  air  over  the  upturned 
surfaces,  while  in  the  latter  a  better  circulation  around  and  be- 
tween the  separate  brick  is  possible.  While  by  this  method  of 
drying  there  is  little  expense  involved  in  equipnvent  and  none 
whatever  in  the  production  of  the  necessary  heat,  there  are  still 
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a  few  valid  drawbacks  which  render  it  generally  uneconomical. 
These  objections  may  be  summed  up  in  the  fact  that,  the  drying 
depends  upon  the  weather,  in  other  words,  it  is  a  fair  weather 
method.  No  two  days  furnish  exactly  the  same  atmospheric  con- 
ditions with  reference  to  temperature,  humidity  and  circulation 
of  the  air.     The  atmosphere  one  day  may  be  windy,  dry  and 
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warm,  and  on  the  next,  quiet,  humid  and  relatively  cooler.  It  is 
true  that  unless  the  clay  be  an  exceptional  one,  it  will  not  endure 
such  treatment  without  suffering  injurious  results.  This  means 
Of  drj'ing  is  uncertain  since  the  drjing  conditions  are  entirely 
beyond  the  control  of  the  briekirjaker.  It  is  much  less  used  now 
than  formerly. 
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THE  HOT  FLOOR  DRYER. 

The  hot  floor  is  still  used  in  some  sections  of  the  country.  It 
was  first  devised  for  drying  fire  brick  and  later  employed  in 
the  paving  and  common  brick  industries.  The  hot  floor  consists 
of  a  solid  floor  of  brick,  cement  or  iron  on  which  the  brick  are 
placed  on  edge  or  on  end,  as  in  outdoor  drying.  The  floor  is 
heated  from  beneath  usually  by  fuel  burned  for  the  purpK)se. 
The  pieces  of  ware,  as  they  are  commjonly  placed  quite  close 
together,  are  bathed  on  the  upper  surface  by  cool  currents  of  air 
sweeping  over  them.  Their  under  surfaces  are  raised  to  a  tem- 
perature  near  boiling  by  contact  with  the  heated  floor.  As  the 
brick  are  usually  set,  there  is  little  circulation  of  air  betweeii 
them  so  that  the  water  leaves  the  clay  by  being  forced  from  the 
bottom  towards  the  upper  surface.  The  air  is  somewhat  heated 
by  radiation  from  the  floor  but  escapes  before  it  has  taken  up 
nearly  all  Ihe  water  it  is  capable  of  holding.  A  great  deal  of 
heat  is  in  this  way  wasted.  The  method  is  thus  lacking  in  econ- 
omy from  the  standpoint  of  fuel  consumed;  and  also  from  the 
fact  that  few  clays  will  stand  this  sort  of  treatment  without  the 
loss  of  a  considerable  percentage  of  the  ware. 

8BWBR  PIPE  OR  SLATTED  FLOOR  DRYER. 

The  sewer  pipe  or  slatted  floor,  as  the  name  would  indicate,  is 
used  principally  in  the  sewer  pipe  and  other  hollow  ware  indus- 
tries. The  construction  of  such  a  drying  plant  is  perhaps  more 
expensive  than  any  other  type.  It  usually  constitutes  the  work- 
ing floors  of  the  factory  building,  never  less  than  three  stories, 
and  often  more,  in  height.  The  floors  are  made  of  narrow  lum- 
ber with  small  spaces,  commonly  one  inch,  between  them.  The 
building  and  floors  must  of  necessity  be  very  strongly  constructed 
because  of  the  enormous  weight  they  must  bear  when  loaded 
with  ware.  The  method  of  heating  is  almost  universally  a  sys- 
tem of  steam  pipes  hung  twelve  to  fifteen  inches  beneath  each 
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floor.  During  running  hours,  exhaust  steam  from  the  engines*  is 
supplied  to  these  pipes  and  for  the  rest  of  the  time  live  steam  is 
used.  No  means  of  ventilation  are  ordinarily  provided  other 
than  doors  and  windows.  There  are  no  well  defined  cun-ents  in 
any  direction.  «The  wanner,  drier  air  naturally  rises  and  the 
strongest  drying  conditions  are  found  on  the  upper  floors.  The 
moist  and  cool  air  settles  to<  the  lower  floors.  This  fact  is  taken 
advantage  of  by  the  manufacturer  and  the  most  tender  clays  and 
the  most  difficult  pieces  of  ware  to  dry  are  set  on  the  lower 
floors  where  they  may  dry  gradually. 

The  shape  of  the  individual  pieces  of  ware  of  sewer  pipe,  terra 
cotta,  fire  proofing,  hollow  block,  etc.,  is  such  that  they  are  the 
most  difficult  of  all  clay  wares  to  dry  without  cracking.  It  is 
therefore  necessary  because  of  the  character  of  the  ware  that  a 
system  of  drying  be  used  which  is  very  wasteful  of  heat.  The 
same  clay  made  into  brick  and  placed  in  a  tunnel  dryer  would 
dry  with  half  the  heat  and  in  a  small  fraction  of  the  time.  On 
the  sewer  pipe  floor  the  wares  are  surrounded  by  an  atmosphere 
of  equable  temperature  and  while  there  is  gradually  an  inter- 
change pf  air  from  one  part  of  tlie  building  to  another,  in  no  place 
i&  the  draft  sufficient  to  bring  about  any  suddfen  change  in  the  tem- 
perature or  humidity  of  the  air  surrounding  the  ware. 

It  will  be  noticed  that  in  the  three  methods  of  drying  so  far 
considered,  the  three  stages  of  the  drying  process,  viz.,  heating, 
shrinking  and  evaporation,  are  not  separable.  They  are  all 
merged  into  one  continuous  action  practically  eliminating  the 
first  stage.  In  the  two  following  types  of  dryers  these  stages  are 
quite  distinct  and  in  this  lies  the  economy  and  success  of  the 
tunnel  dryer  over  the  open  air  and  hot  floor  systems. 

PERIODIC  OR  CHAMBER  DRYER. 

The  chamber  or  periodic  dryer  is  usually  built  on  the  tunnel 
plan,  the  details  cf  construction  only  differing  materially  from 
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the  continuous  system.  It  consists  of  one  or  more  compartments 
or  units  provided  with  means  of  inlet  and  outlet  for  the  drying 
air,  both  being  under  complete  control.  In  this  dryer  the  ware 
is  subjected  to  a  series  of  conditions,  representing  successively 
the  three  typical  stages  in  the  drying  process.  The  whole  com- 
partment is  operated  as  a  unit  through  the  different  stages  until 
a  charge  of  ware  is  comipletely  dried,  then  it  is  removed  and  the 
entire  operation  is  repeated  with  the  next  charge. 

The  air  inlet  is  a  series  of  small  openings  from  a  large  sewer 
running  the  whole  length  of  the  chamber.  /These  openings  are 
controlled  by  dampers  and  are  so  proportioned  that  their  total 
area  will  not  exceed  50  per  cent  of  the  cross  section  of  the  main 
air  duct.  This  provides  for  sufficient  and  equal  pressure  of  air 
through  each.  The  air  is  heated  either  before  or  after  entering 
the  compartment,  preferably  by  steam  coils  placed  beneath  the 
track  and  just  above  the  roof  of  the  air  flue.  Any  method  of 
heating  which  can  be  worked  in  the  continuous  dryer  is  equally 
applicable  here.  Side  coils  in  the  tunnel  are  of  little  value  as 
the  air  that  is  heated  by  them  does"  little  drying  and  they  often 
crack  the  ware  close  to  them.  It  has  proven  most  successful  to 
use  a  three  part  steam  coil,  all  parts  being  below  the  track.  One 
of  these  is  turned  on  at  the  beginning,  a  second  when  shrinkage 
begins  and  the  full  heat  of  all  three  in  the  finishing  stages.  The 
air,  admitted  beneath  these  coils,  passes  up  through  them  and 
reaches  the  ware  uniformily  heated  through  the  length  of  the 
dryer. 

The  outlet  system  is  most  frequently  a  number  of  wooden 
chimneys  opening  directly  to  the  exterior.  The  same  end  may 
be  accomplished  by  one  large  central  chimney  providing  a  col- 
lecting flue  and  is  constructed  corresponding  to  the  main  air  duct 
of  the  inlet  system.  For  the  same  reason  that  it  is  advantageous  to 
admit  the  air  through  a  series  of  small  openings,  is  the  operation 
best  carried  on  by  removing  the  air  through  small  apertures  into 
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this  collecting  flue,  the  aggr^ate  area  of  which  is  less  than  the 
cross  section  of  the  stack.  The  entire  outflow  of  air  may  then 
be  controlled  by  a  damper  in  the  stack. 

iThe  chamber  dryer  is  adapted  to  the  handling  of  a  greater 
range  of  clays  than  any  other  device  because  of  the  complete 
control  which  may  be  exercised  over  the  drying  conditions.  It 
is,  however,  low  in  economy  when  compared  with  the  continuous 
dryer.  The  temperature  of  the  chamber  must  be  lowered  nearly 
to  that  of  the  atmosphere  after  the  removal  of  a  charge  of  brick, 
before  it  is  safe  to  put  in  fresh  wet  brick.  Much  of  the  dryer 
atmosphere  is  discharged  into  the  outer  air  far  below  saturation, 
thus  involving  the  waste  of  large  quantities  of  heat.  Being  oper- 
ated intermittently,  the  capacity  of  the  chamber  dryer  is  neces- 
sarily limited.  Its  wastefulness  of  heat  and  its  limited  capacity 
render  it  less  eflScient  than  the  continuous  dryer. 

CONTINUOUS  TUNNEL  DRYER. 

Much  the  larger  number  of  drying  plants  installed  in  late  years 
are  of  the  continuous  type.  It  is  becoming  more  and  more  neces- 
sary for  clay  workers  1x>  employ  the  most  economical  means  and 
equipment  by  which  the  raw  clay  can  be  miost  speedily  turned 
into  the  best  ware,  in  order  to  meet  competition  and  to  conduct 
their  business  on  a  paying  basis.  The  time  has  passed  when  the 
saving  of  fuel  is  a  secondary  considteration.  Around  our  best  clay 
plants  at  present,  measures  are  taken  to  utilize  every  possible 
heat  unit^  The  continuous  dryer  is  the  result  of  the  efforts  of 
clay  workers  to  get  the  largest  amount  of  heat  out  of  even'  pound 
of  coal  tliat  is  burned.  In  the  accomplishment  of  this  purpose, 
it  has  proved  the  most  economical  and  efficient  method  yet  de- 
vised. The  dr>^er  house  is  similar  in  construction  to  the  chamber- 
dryer  already  considered.  The  mode  of  operation  necessitates 
changes  in  tlie  arrangement  of  stacks  and  heating  apparatus. 
Its  operalion  consists  in  admlitting  the  supply  of  heated  air  at 
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one  end  of  the  tunnel  and  discharging  it  through  a  ataek  at  the 
other.  As  the  air  progresses  towards  the  exit,  it  becomes  gradu- 
ally more  and  more  humid  by  contact  with  tlie  wet  ware,  so  that 
when  it  reaches  the  chimney  it  should  be  nearly  saturated.  The 
ware  is  admitted  at  the  stack  end  of  the  drj'er,  where  it  meets  a 
current  of  very  moist  air;  and  progresses  towards  the  hot  end, 
gradually  moving  into  a  less  humid  atmoephere  as  new  ware 
forces  it  ahead.  The  three  stages  of  drying  are,  in  this  class  of 
dryer,  not  distinct,  but  overlap  each  other  more  or  less,  all  of 
(hem  going  on  at  once  in  the  same  compartment. 


Fio.  it.    Cut  Iron  flkt  car  wllh  pallelR. 


It  has  been  found  necessary  to  adopt  certain  modifications  in 
the  construetioD  of  the  tunnel  as  it  was  first  built,  in  order  to 
adapt  it  for  dirying  the  more  tender  clays.  These  modifications 
have  all  been  such  as  to  differentiate  more  sharjjly  between  the 
typical    stages  of  the  drying   process.    In  order  to  direct  the 
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movement  of  the  air  near  the  entrance  through  the  clay,  a  valve 
or  vertical  sliding  door  between  the  dryer  and  the  stack  is  used. 
By  this  expedient,  the  air  must  settle  to  gain  exit  to  the  stack 
beneath  the  valve.  This  arrangement  produces  a  zone  of  ex- 
treme humidity  tlire3  or  four  cars  long  in  wliich  the  ware  becomes 
thoroughly  heated  but  dries  scarcely  any.  The  cars  meet  less  satu- 
rated air  as  they  are  moved  along  and  enter  the  second  zone, 
which  corresponds  to  the  second  theoretical  stage  of  drying,  viz., 
shrinking.  They  do  not  reach  this  zone  until  they  are  well  heated 
and  ready  to  give  up  their  water,  and  are  moved  into  the  third 
zone  as  soon  as  shrinkage  ceases,  where  they  meet  hot,  dry  air 
right  from  the  coils.  Experience  with  a  given  clay  soon  teaches 
the  operator  how  rapidly  the  cars  may  be  pushed  forward. 

In  the  case  of  some  very  tender  clays  it  has  been  found  advan- 
tageous to  modify  the  construction  by  extending  the  dryer  in 
length  and  placing  the  stack  at  the  end  of  zone  No.  1.  The 
usual  heating  arrangements  are  employed  at  the  hot  end  and 
also  a  small  auxiliary  apparatus  under  the  entrance  end.  When 
the  brick  first  enter  the  tunnel  they  stand  in  a  currentless  atmos- 
phere until  thoroughly  heated  before  being  advanced  to  zone  2. 
The  position  of  the  stack  is  not  fixed  at  any  definite  point  but  is 
located  to  fit  the  behavior  of  any  given  clay. 

The  principal  variations  among  dryers  of  this  type  are  found 
in  the  methods  of  heating  the  air  which  does  the  drying.  In  gen- 
eral, these  may  be  classified  under  two  heads,  direct  and  indi- 
rect. In  direct  heating  the  heat  units  generated  by  the  combus- 
tion of  the  fuel  are  conveyed  directly  to  the  ware  to  be  dried  bj" 
moving  currents  of  air.  The  transfer  of  heat  by  moving  currents 
is  termed  convection.  The  air  is  heated  indirectly  by  radiation. 
The  heat  units  from  the  burning  coal  are  first  aibsorbed  by  some 
other  medium,  then  given  off  to  the  air  which  enters  the  dryer. 
The  two  general  classes  may  be  subdivided  as  follows: 


OBNBRAL  COKSIDBRATIOnS. 


There  are  several  well  known  examples  of  the  type  which  con- 
ducts the  eombnstion  gases  into  the  drying  chamber.  The  parts 
to  such  a  dryer  may  be  designated  as  follows:  Furnace,  com- 
bustion chamber,  fan,  cold  air  inlet,  commingling  chamber,  hot 
air  flue,  dryer. 


FlO.  £5.     Donble  di 


From  the  furnace  the  gases  pass  through  a  chamber  of  highly 
heated  brick  work  from  which  they  issue  practically  free  from 
smoke  or  soot  to  the  fan.  Cold  air  is  also  admitted  to  the  fan,' 
both  warm  and  cold  being  forced  into  the  mixing  chamber  from 
which  it  is  distributed  to  the  drj'er.  In  some  instances  a  me- 
chanical stoker  is  employed  by  means  of  which  the  fuel  is  evenly 
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fed  to  the  fire  and  perfect  eomibustion  maintained  as  nearly  as 
possible.  The  inflow  of  cold  air  is  under  control  and  is  regulated 
by  using  a  thermometer  in  the  commingling  chamber. 

Drying  by  Fuel  Burned  for  the  Purpose :  The  plan  of  drying 
clay  ware  by  burning  fuel  for  this  purpose  alone  is  believed  to 
be  wrong  in  principle  from  the  fact  that  much  more  heat  is 
wasted  daily  around  the  ordinary  plant  than  would  be  needed 
to  dry  the  output,  and  much  of  which  might  be  reclaimed  for  this 
purpose.  This  system  is  bad  from  the  standjDoint  of  fuel  econ- 
omy. Two  other  principal  objections  have  been  found  to  this 
method,  viz.,  sorting,  ajid  the  deposition  of  an  acid  dew  causing 
scumiming  of  the  ware.  The  former  has  been  practically  over- 
come in  the  successful  dryers  of  this  type  by  the  perfect  combus- 
tion rendered  possible  in  the  use  of  the  mechanical  stoker.  Per- 
fect combustion,  however,  means  thorough  oxidation  of  all  fuel 
ingredients.  Some  of  the  sulfur  in  the  coal  is  thus  oxidized  to 
sulfurous  acid  which  forms  sulfuric  acid  by  combining  with  the 
water  vapor  of  the  combustion  gases.  It  is  always  economical,  of 
course,  to  maintain  the  atmosphere  near  the  entrance  end  of  the 
dryer  as  nearly  saturated  as  possible,  and  in  the  case  of  very 
tender  clays  it  is  even  necessary  to  allow  it  to  deposit  slightly. 
The  deposition  of  a  dew  containing  sulfuric  acid  will;  therefore, 
if  not  intentionally,  sometimes  accidentally,  happen.  Any  in- 
gredient in  the  clay  subject  to  the  attack  of  this  acid  will  at  once 
combine,  and  whitewashed  ware  will  often  result  from-  this  cause 
where  it  would  never  be  produced  under  other  conditions. 

•The  use  of  a  fan  for  controlling  the  draft  has  the  advantage 
over  natural  draft  in  that  it  is  a  i>ositive  force,  moving  exactly 
equal  volumes  of  air  during  similar  periods  of  time,  and  while 
the  temperature  and  humidity  may  vary  from  day  to  day  the 
speed  of  the  fan  may  be  adjusted  so  as  to  pass  the  requisite 
amount  of  air  under  different  conditions.  This  is  not  possible 
with  natural  draft  where  the  intensity  depends  upon  the  weather 
conditions. 
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The  first  cost  of  the  plant,  equipped  with  mechanical  stoker 
and  fan,  would  not  diflPer  from  that  of  the  average  dryer  simi- 
larly equipped.  Rather  more  brick  work  is  required  in  its  con- 
struction than  in  other  dryers  but  this  extra  brick  work  would 
hardly  offset  the  piping  in  the  steam  dryer. 

Drying  by  Waste  Gases  from  Other  Processes:  This  method 
has  not  yet  come  into  extensive  practice.  Cases  are  known, 
however,  where  the  smoke  and  fuel  gases  are  diawn  by  a  fan 
directly  into  the  diyer.  One  instance  is  recalled  where  the  brick 
came  out  covered  with  soot  from  a  dryer  temperature  of  over 
260°  F.  Even  the  wood  on  the  cars  was  charred  and  a  good  share 
of  the  brick  was  cracked  and  checked  from  the  excessive  tein- 
I^erature.  This  was  a  case  of  extreme  lack  of  control,  but  it  is 
never  safe  to  turn  the  combustion  gases  themselves  directly  into 
the  ware.  Scumming  will  very  frequently  result;  if  not,  a  most 
lavish  waste  of  heat.  The  gases  ficm  a  lain  are  cot  uniform  in 
character,  sometimes  oxidizing,  sometimes  reducing,  sometimes 
containing  a  large  excess  of  air  and  sometimes  very  small.  Dry- 
ing by  this  means  is  accomplished  in  the  continuous  kiln,  and 
here  with  the  greatest  possible  heat  economy.  Great  care  is 
taken,  however,  to  turn  the  gases  into  the  stack  before  they  have 
cooled  down  to  their  dew  point.  Sooting  is  not  objectionable  in 
the  kiln,  as  the  ware  is  not  handled  until  after  it  is  burned  and 
the  drying  merges  directly  into  the  beginning  stages  of  burning. 
It  is  sometimes  advantageous  to  draw  the  atmosphere  from  a 
cooling  kiln  into  the  dryer.  In  fact,  in  some  up  to  date  plants 
this  method  is  exclusively  used.  The  obstacle  to  its  more  ex- 
tended application  for  drj4ng  appears  to  be  the  large  amount 
of  tunneling  or  piping  required  and  the  difficulty  of  regulation 
so  that  a  constant  supply  of  the  proper  temi)erature  can  be  ob- 
tained. Further,  few  plants  are  operated  on  such  a  scale  that 
the  diying  could  be  done  by  this  means  alone.  It  is  believed, 
however,  that  the  utilization  of  the  waste  heat  from  cooling  kilns 
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in  this  way  is  a  big  stride  ahead  in  the  economy  of  clay  workii^?. 
Drying  by  Radiation  from  Heated  Brick  Work :  The  Sharer 
dryer  is  a  type  of  the  indirect  in  which  heat  is  supplied  by  radia- 
tion from  brick  work.  It  is  provided  with  furnaces  under  the 
discharge  end.  The  gases  pass  through  flues  beneath  the  door 
of  tlie  dryer  tunnels  and  out  through  the  stack  at  the  entrance 
end.  The  air  is  admitted  through  openings  on  each  side  of  the 
fire  boxes  which-  lead  directly  into  the  dryer  chambers.  The 
moist  air  from  the  tunnels  and  the  products  of  combustion  gain 
exit  through  the  same  stack.  The  hot  fuel  gases  in  this  way 
constajitly  stimulate  the  draft  of  the  dryer,  making  it  depend 
less  on  the  condition  of  the  outside  atmosphere  thaa  in  most  other 
natural  draft  dryers. 


rra.  Ml.    Oombinmtloii  truuter  emr  uid  tnmtebl*. 

This  system  is  the  hot  floor  in  principle,  but  the  heat  is  made 
to  accomplish  much  more  work  than  on  the  hot  floor  because  con- 
fined to  a  smaller  area.  Here  also  the  ware  is  not  in  contact 
with  the  hot  brick  work  but  is  batlied  alike  on  all  sidee  by  warm 
currents  of  air.  The  cost  of  construction  and  maintenance  is 
comparatively  low.  It  is  possible  to  make  this  class  of  dryer  do 
excellent  work  on  the  stronger  clays  but  it  is  impossible  to  attain 
the  fine  degree  of  r^ulation  of  the  heat  essential  to  drying 
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tender  clays.  Viewed  from  the  point  of  fuel  economy,  the  sys- 
tem is  wasteful.  Enonnous  amounts  of  heat  are  going  to  waste 
in  exhaust  steam  and  from  cooling  kilns  which  might  be  con- 
trolled and  utilized  for  drying  purposes.  It  seems  scarcely  ad- 
visable to  erect  a  dryer  which  in  itself  adds  to  tliis  total  waste 
instead  of  saving  from  the  other  processes. 

Drying  by  Radiation  from  8tea/m  Heated  Surfaces :  The  sec- 
ond subdivision  under  indirect  heating  is  by  radiation  from 
steami  heated  surfaces  and  is  exemplified  in  the  use  of  steam 
piping.  The  piping  is  sometimes  extended  as  in  the  sewer  pipe 
floor,  but  in  the  continuous  dryer  is  usually  a  medium  or  very 
compact  coil  or  radiator.  In  some  cases,  live  high  pressure  steam 
is  used;  in  some  exhaust  steam;  while  in  the  large  number  of 
steam  tunnel  dryers  the  necessary  arrangements  are  provided  for 
using  exhaust  steam  during  running  hours  and  live  steam  for 
the  remainder  of  the  24  hours.  This  has  proven  quite  satis- 
factory and  utilizes  niuch  heat  that  would  otherwise  be  lost. 

The  question  of  the  relative  efficiency  of  live  and  exhaust 
steam  for  drying  purposes  has  often  been  raised.  Examined 
from  all  points  of  economy,  it  is  believed  tliat  the  exhaust  steam 
has  points  in  its  favor.  When  not  so  used,  exhaust  steam  is  a 
waste  product  which  carries  out  a  large  number  of  heat  units. 
Exhaust  steam  forced  into  a  dryer  scarcely  ever  has  a  temi)er- 
ature  higher  than  214"^  or  215°  F.  This  steam  condensing 
to  water  liberates  537  heat  units  for  every  gram  of  water.  Steam 
under  a  pressure  of  150  pounds  will  have  a  temperature  of  about 
30D°  F.  The  actual  difference  in  heating  power  lies  in  the 
amount  of  heat  held  by  the  sttam  bstween  212°  F.  and  300°  at  150 
pounds  pressure  which,  comiDaied  with  the  537  heat  units  set  free 
by  condensation,  is  insignificant  Live  steam  is  more  satisfac- 
tory where  it  is  necessary  to  attain  high  temperatures,  but  in  the 
long  run  the  extra  fuel  consumed  will  far  outweigh  the  advan- 
tages of  the  live  steam. 
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There  are  several  advantages  which  may  be  claimed  for  the 
use  of  steam  over  other  metliods  cf  drying.  First,  the  ea&e  with 
which  it  may  be  conveyed  and  held  in  control  in  inaccessible 
positions.  Second,  immunity  from  fire.  Third,  the  ease  of  dis- 
tribution from  a  central  plant.  Fourth,  and  the  most  important 
reason  why  it  should  be  used,  it  is  utilizing  the  waste  heat  from 
other  processes. 

SUMMARY. 

The  diying  plants  found  among  the  clay  working  establish- 
ments of  the  state  may  be  classified  under  the  preceding  types. 
The  use  of  the  open  air  method  is  limited  practically  to  the  dry- 
ing of  soft  mud,  sand  mold  brick.  The  rack  and  pallet  system 
is  used  for  drying  both  soft  and  stiff  mud  brick.  A  modification 
of  the  rack  systemi  is  employed  in  places.  The  racks  are  pro- 
tected by  a  permanent  roof  and  side  walls  which  can  be  opened 
and  closed  at  will,  and  by  means  of  which  the  circulation  of  the 
air  through  the  brick  is  regulated.  To  provide  for  weather  when 
outside  air  can  not  be  used,  such  dryers  are  often  supplied  with 
steam  piping  into  which  exhaust  or  live  steam  may  be  turned. 

Drain  tile  and  hollow  block  are  dried  in  rack  dryers  and  in 
the  various  styles  of  continuous  steam  dryers.  They  are  usually 
mlade  in  connection  with  the  manufacture  of  brick  and  receive 
similar  treatment  in  drying.  The  enclosed  rack  dryers  are  fre- 
quently built  with  a  floor  above  the  racks  on  which  tile  and  hol- 
low blocks  are  dried  by  setting  on  end.  Sewer  pipe  are  dried  on 
the  sewer  pipe  floor  and  in  some  places  in  the  tunnel  dryers, 
although  the  latter  is  rather  dangerous  unless  the  clay  is  excep- 
tionally strong. 

Stone  and  caithenware  pottery  are  dried  in  racks  especially 
designed  to  accommodate  the  molds  in  which  the  pieces  are  made 
or  to  fit  the  pieces  of  ware  if  they  are  hand  turned.  The  dryer 
is  a  portion  of  the  factoiy  building  and  is  commonly  heated  by 
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steam  piping  or  stoves.  It  is  seldom  that  any  provision  for  ven- 
tilation is  made  aside  from-  doors  and  windows.  Dry  press  brick 
contain  but  little  water  and  do  not  shrink,  so  are  seldom  put  into 
a  dryer.  The  necessary  drying  is  accomplished  in  the  kiln  dur- 
ing the  early  stages  of  burning. 

Burning  of  Clay  Wares. 

COMBUSTION  OF  FUEL. 

'  The  burning  of  clays  is  accomplished  by  the  consumption  of 
fuel.  Strictly  speaking,  the  effect  of  heat  on  a  clay  is  not  to  any 
extent  one  of  burning,  which  implies  combustion  or  oxidation. 
The  changes  that  are  brought  about  are  prevailingly  chemical 
reactions  in  which  compounds  are  broken  up  or  new  combina- 
tions formled  between  the  constituents  of  the  clay.  Certain  reac- 
tions  occur  at  certain  temperatures  and  are  completed  within 
narrow  limits.  It  is  fundamentally  the*  application  of  the  heat 
derived  from  the  combustion  of  fuel  which  brings  about  these 
changes. 

The  amount  of  heat  generated  by  fuels  may  be  determined  in 
two  ways,  by  calculating  from  the  chemical  composition  and  by 
actual  measurement  of  the  heat  evolved  in  the  combustion,  of  a 
known  quantity.  An  instrumient  known  as  the  calorimeter  is 
employed  in  the  latter  detennination.  By  means  of  this  appa 
latus,  the  heat  of  combustion  is  measured  by  observing  the  rise 
in  temperature  of  a  definite  volume  of  water  which  surrounds  a 
small  chamber  in  which  the  fuel  is  burned. 

The  heat  of  combustion  is  spoken  of  as  the  calorific  power  of 
a  fuel  and  is  expressed  in  terms-  of  assumed  heat  units.  These 
units  may  be  of  any  size,  as  has  been  shown  under  Drj'ing.  It 
is  necessarj'^  to  know  the  elementary  analysis  of  a  fuel  in  order 
to  calculate  its  calorific  power.  The  results  obtained  by  calcu- 
lation are  not  as  accurate  as  can  be  seemed  in  the  calorimeter 
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but  careful  check  determinations,  both  by  analysis  and  calori- 
metrically,  can  be  made  to  give  fairly  concordant  results  in  the 
majority  of  cases. 

The  calorific  power  of  a  fuel  is  calculated!  by  the  following 
expression : 

C.  p.  =  8080  C  +  34462(H  —  ^)+  2250  S    in  which: 

C  =  percentage  of  carbon.  H  =  percentage  of  hydrogen.  O  =  percentage  of 
oxygen.  S  =  percentage  of  sulfur.  8080=  heat  of  combustion  of  car- 
bon .  34462  =  heat  of  .combustion  of  hydrogen .  2250  =  heat  of  combustion 
of  sulfur  in  kilogram  calories. 

The  common  fuels  are  compounds  of  carbon,  hydrogen  and 
oxygen.  The  most  common  of  fuels,  coal,  universally  contains 
sulfur.  All  of  these  elements  except  oxygen  are  combustible  and 
give  off  heat  in  burning.  The  oxygen  is  conceived  to  be  in  com- 
bination with  hydrogen  as  water,  hence  the  deduction  (h  —  ^) 

in  the  formula.  In  soft  coals  the  percentage  of  oxygen  is  higher 
than  in  anthracite  and  lower  than  in  wood.  Wood  and  peat  con- 
tain higher  proportions  of  oxygen  still  and  for  this  reason  are 
lower  in  fuel  value  than  coal. 

The  above  formula  takes  into  account  these  variations  and 
expresses  the  heat  of  combustion  in  kilogram  calories.  A  com- 
mon method  of  expressing  quantity  of  heat  is  by  British  Ther- 
mal Units  (B.  T.  U.).  The  formula  corresponding  to  the  above 
is: 

C.  P.  =  14500  C  +  62032(H— ^)  +  4050  S. 

To  transfer  from;  one  unit  to  the  other,  it  is  necessary  to  employ 
the  factor  1.8,  the  ratio  between  the  Centigrade  and  Fahrenheit 
thermlometric  scales. 

Professor  G.  W.  Bissell  has  found  from'  a  study  of  Iowa  coals 
that  the  actual  heating  values  may  be  determined  approximately 
from  proximate  chemical  analyses  by  the  following  formula: 

B.  T.  U.  =  14,500  C  +  12.100  V.  +  4.000  S 
in  which  B.  T.  U.  =  the  number  of  lbs.  of  water  which  can  be  raised  1**  P.  by 
the  combustion  of  1  lb.  of  dry  coal;  C  =  Fixed  carbon;  V  =  Volatile  hydro- 
carbons and  S  =  Sulfur. 
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The  following  table  includes  representative  analyses  from  ail 
of  the  leading  coal  producing  counties  in  Iowa.  But  little  calori- 
metric  work  has  been  done  on  Iowa  fuels.  The  results  at  hand 
are  included  in  the  table. 
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Average  6 , 
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Average  6 

Crowe  Coal  Co 

*Street  Railway  Pover  Plant 
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Average  8 

Davis — 

Average  5 

Bloomfield 

Greene- 
Average  4 

Guthrie— 

Average  7 
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6.52 
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7.88 
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35.11 
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50.66 

10.66 
7.10 
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Monroe — 

Average  8 

Hocking  (Mine  No  3) 

Hocking  (Mine  No.  2) 

Hilton 

Buxton  No.  10 

Buxton  No.  9 

Polk— 

Average  5 . 
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Scott- 
Average  6 
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Average  5 
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Average  3 
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Average  11 
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Warren — 

Average  4 
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Average  4 
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Average  10 
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5.80 
6.51 
9.48 
6.19 


6.43 
5.09 


3.61 


5.93 


8.10 


5  42 

4.23 
10.94 


10  60 


9.01 


7.83 
17.47 


40.38 
38.37 
42.56 
37.97 
35.58 
43.60 
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43.30 
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40  88 

14.12 

6.92 
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9.03 

3.75 

45  07 

10.45 

3  02 

46  07 

10.87 

2  06 

42  30 

5  91 

3.45 

44.77 

11.96 

4.87 

47.73 

3.88 

2.60 

47.13 
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45.25 
4?. 21 
45  76 
48.27 
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43.43 


43.42 
39.59 


12560 
12396 
12030 
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9.29 

4  71 

11  34 

4  85 

4  45 

10  60 
6.35 
9  09 

7.89 

5.58 
2.53 
4  75 
2.55 

7.36 

4  44 

13,07 

3.84 

11.52 
11  59 

5.08 
4  87 

13050 
13141 
12245 


12431 


Either  calculation  or  direct  determination  by  the  calorimeter 
gives  the  total  number  of  heat  units  evolved  by  the  oxidation  of 
the  fuel  elements.  They  do  not  give  the  heating  value  of  the  fuel, 
however.  The  new  comix>unds  formed  in  burning  use  uj:;  a  greater 
or  less  amount  of  heat  dei)ending  on  their  nature,  as  both  latent 
heat  of  vaporization  and  sensible  heat  of  the  waste  gases.  The 
energ}^  from  a  fuel,  therefore,  that  remains  to  produce  changes  in 
a  clay  or  to  evaporate  water  in  a  boiler  is  always  lees  than  tlie 
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determined  calorific  power.  Another  cause  of  divergence  from 
the  theoretical  heating  jxwer  is  that  of  incomplete  combustion. 
Complete  oxidation  is  necessarj^  to  attain  the  highest  heat  evolu- 
tion. Practically,  this  is  seldom  accomlplished.  Further,  the 
supply  of  oxygen  coming  into  a  furnace  is  never  minutely  pro- 
portioned to  the  exact  amount  required  for  complete  oxidation. 
There  is  sometimies  an  excess,  sometimes  a  deficiency.  The  former 
is  much  more  common.  Since  the  oxygen  of  combustion  is  sup- 
plied from;  the  air,  there  comes  into  the  kiln,  nitrogen,  in  the 
proportion  to  oxygen  in  which  the  two  elements  exist  in  the 
atmosphere.  The  excess  of  oxygen  and  the  inert  nitrogen  must 
both  be  heated  to  the  temperature  of  the  furnace  and  thus  carry 
out  large  quantities  of  heat.  The  available  heating  power  of  a 
fuel,  therefore,  is  the  excess  of  the  total  heat  evolved  over  that 
used  up  in  the  ways  indicated. 

The  following  example  will  illustrate  the  method  of  calculat- 
ing, (1),  the  losses  from  the  above  causes,  (2),  knowing  these 
losses,  the  available  heat  from  the  combustion  of  the  fuel. 

A  coal  of  the  following  analysis. 

Carbon  —  80  per  cent 
Hydrogen  =  5  per  cent 
Uz^gen  =  7  per  cent 
Sulfur  =  2  per  cent 
Ash  =  6  per  cent 

has  a  calorific  power  of  7930.55  heat  units  by  the  formula  given 
on  a  preceding  page. 

To  find  the  weights  of  the  various  gases  resulting  from  the 
complete  combustion  of  the  above  coal: 

Carbon:  C  +  20=  COg,  i.  e.,  12  (atomic  weight  of  carbon) 
12  +  32  =  44 
parts  carbon  give  44  parts  (1:3.66)  carbonic  acid  gas  on  com- 
bustion. Burning  80  parts  of  carbon  will  produce  83  X  3.66  := 
292.8  parts  COo  and  will  have  consumed,  292.8  -  80  .^'212.8 
parts  of  oxygen. 
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Hydrogen :  2H  +  0  =  HgO,  i.  e.,  2  parts  of  hydrogen  give  18 
2  +  16  =  18 
parts  (1:9)  water  on  combustion.    Burning  5  parts  of  hydrogen 
will  produce  5  X  9  =  45  parts  HjO  and  will  have  consumed  45  — 
5  =  40  pa.rts  of  oxygen. 

Sulfur:  S  +  20=  SO2,  i.  e.,  32  parts  sulfur  give  64  parts  (1  : 
2)  sulfur  dioxid  gas  on  combustion.  Burning  2  parts  of  sulfur 
will  produce  2x2  =  4  parts  of  SO2  and  will  have  consumed  4  — 
2  =  2  parts  of  oxygen  in  the  process. 

We  have  then  as  products  of  combustion : 

Carbonic  acid  {2:as 292.8  parts 

Water 45      parts 

Sulfur  diozid .    4      parts 

Total 341.8 

parts  waste  gases  per  100  units  of  coal  burned. 
This  involved  the  consumption  of : 

Oxygen  for  CO| 212.8  parts 

Oxygen  for  H,0 40      parts 

Oxygen  for  SOs 2      parts 

Total 254.8  parts 

Of  this  oxygen  the  coal  supplied 7      parts 

Oxygen  from  the  air,  therefore 247.8  parts 

The  proportions  of  nitrogen  and  oxygen  in  the  air  are  23  of 
oxygen  to  77  nitrogen  by  weight  (1:3.33).  247.8  X  3.33  =  825 
parts  of  nitrogen  which  was  brought  in  with  tlie  necessary  oxygsn. 
The  total  combustion  products,  therefore,  from  100  parts  of  the 
coal  are,  341.8  +  825  =  1,166.8,  the  nitrogen  constituting  much 
the  larger  part. 

The  heat  which  these  several  gases  can  carry  out  at  any  ob- 
served chimney  temperature  is  found  by  multiplying  each  one  by 
its  specific  heat  and  the  observed  temperature.  For  instance,  at 
1000°  C, 
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(CO,) 292.8  X  .217  X  1000=    63537.6 

(H,0) 45     X  .48    xlOOO=    21600 

(SO.) 4     X  .15    xlOOO=       6C0 

(N) 825     X  ,244  k  1000  =  201300 

Total 287037.6 

calories  which  the  waste  gases  from  100  pounds  of  coal  can  carry- 
out  as  sensible  heat  at  1000°  C. 

Aside  from  the  sensible  heat  which  is  carried  out  in  the  water 
vapor  and  for  which  allowance  ha®  already  been  made,  there  is 
also  its  latent  heat  to  be  taken  into  account  At  lOO'^  C,  this 
amounts  tu  537  calories.  To  raise  the  temipez«ture  of  the  water 
from  0°  to  the  boiling  point,  52  out  of  the  100  total  heat  units  are 
still  unaccounted  for.  537  +  52  =  589  =  latent  heat  x>ev  unit  of 
water  vapor.  45  parts  of  water  bold  as  latent  heat  45  X  589  = 
26,535  calories.    Therefore  the  total  heat  loss  is, 

In  sensible  heat  of  waste  gases 287037.6  heat  units. 

In  latent  heat  of  water  vapor 26505.0  heat  units. 

Total 313542.6 

calories  for  every  100  pounds  of  cool  burned.  And  from  this 
same  amiount  479,512.4,  (793,055  —  313,542.6)  calories  only  are 
available.  It  is  thus  seen  that  39  per  cent  of  the  heat  evolved  is 
lost  in  the  waste  gases. 

Under  practical  firing  conditions,  it  is  well  known  that  it  is 
impossible  to  bum  fuel  without  bringing  into  the  furnace  much 
larger  quantities  of  air  than  are  necessary  for  i)erfect  combus- 
tion. This  is  true  because  of  the  lack  of  admixture  of  the  air 
and  fuel  even  under  the  most  favorable  conditions.  The  com- 
bustion of  coal  is  seldom  carried  on  with  an  excess  of  air  less 
than  100  per  cent,  and  often  mnich  more  than  this.  To  complete 
the  foregoing  example,  and  to  illustrate  the  increase  in  the  waste 
of  heat,  suppose  an  air  excess  of  75  per  cent,  that  is,  there  is 
continually  passing  through  the  furnace  one  and  three^fourths 
times  as  much  air  as  is  required  to  burn  the  fuel.    To  be  added 
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to  the  heat  loss  given  in  the  foregoing  calculation  are,  therefore, 
.75  (247.8  +  825)  X  .237  X  1,000  =  190,690.2  heat  units  taken 
up  by  the  extra  air.  This  makes  a  total  of  190,690.2  +  313,542.6 
z-z=  504,232.8  heat  units  lost  in  waste  gases.  There  is  in  this  in- 
stance a  loss  in  the  gases  of  over  63  per  cent  of  the  total  heat 
generated. 

Where  it  is  neither  desirable  nor  necessary  to  have  a  large 
excess  of  air  passing  through  the  fire,  the  incidental  losses  in  the 
flue  gases  may  be  held  much  lower  by  careful  methods  of  firing. 
The  work  of  the  miechanical  stoker  is  to  facilitate  combustion  by 
so  distributing  and  proportioning  fuel  and  air  that  complete 
oxidation  is  accomplished  with  the  minimum  amount  of  air.  The 
large  reduction  of  the  available  heat  from  a  fuel  with  increased 
air  supply  has  been  shown  in  the  preceding  problem.  To  gain 
direct  information  as  to  the  air  leaving  a  kiln  or  furnace,  it  is 
necessary  to  analyze  the  flue  gases.  The  most  approved  gas 
analysis  apparatus  depends  in  its  operation  on  the  absorption 
of  the  several  different  gases  by  as  many  separate  liquids 
through  which  the  gases  are  passed.  By  means  of  the  Orsat 
,  apparatus,  which  is  a  standard  type,  the  proportions  by  volume 
of  carbon  dioxid,  carbon  monoxid,  oxygen  and  nitrogen  may  be 
determdned.  The  air  excess  is  obtained  from  these  data  as  illus- 
trated in  the  following: 

ANALYSIS  OF  FLUB  OASES. 


By  Volume.     Per  Cent.     Vapor  DeDslty. 


(CO,)     14x22  =  3.08 


(  N   )     Six    7  =  5.67 


(   O   )       5x    8  =     .40 


By  Weight.    Per  Cent. 

3.08 

=  33.66 


9.15 
5.67 

9.15 
.40 

9.15 


=  61.69 


=    4.37 


9.15 


99.99 
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The  weight  of  nitrogen,  61.69,  repre9?nts  the  total  amount  from 
air.  61.96  -7-  3.33  =:  18.61  =  quantity  of  oxygen  from  the  air. 
18.61  —  4.37  =  14.24  =  quantity  of  oxygen  used  in  combustion. 
4.37  -r- 14.24  =  30.69  per  cent  of  air  excess. 

With  the  composition  of  the  waste  gases  known,  the  quantities 
of  heat  carried  out  by  them  may  be  calculated  by  the  methods 
given  above.  Analysis  of  the  waste  gases  thus  serves  as  a  check 
on  the  efficiency  of  the  firing. 

PRACTICAL  CONSIDERATIONP* 

The  preceding  discussion  has  called  attention  to  the  fact  that 
whether  a  fuel  be  high  or  low  in  actual  calorific  power,  its  heat- 
ing value  depends  largely  on  the  conditions  under  which  it  is 
burned.  If  measures  are  taken  to  reduce  in  the  greatest  possi- 
ble degree  all  unnecessary  dissipation  of  heat,  an  approach  can 
be  made  towards  attaining  the  maximum  heating  power  of  the 
fuel  employed.  Thus  the  method  of  burning,  the  appliances  for 
regulating  the  air  supply  and  bringing  it  into  contact  with  the 
fuel  in  correct  proportions ;  and,  further,  the  delivery  of  the  fuel 
itself  into  the  fire  bcx,  become  of  equal  and  even  paramount  im- 
portance to  the  calorific  power. 

The  typical  methods  of  burning  solid  fuels  are  three,  viz.,  flat 
grate  bar  furnace,  inclined  grate  bar  furnace  and  dead  bottom 
fire. 

The  flat  grate  bar  is  by  far  the  commonest  in  the  clay  indus- 
try. The  grate  is  placed  in  a  horizontal  position  and  the  air  for 
combustion  comes  from  below  through  the  bars  and  the  layer 
of  fuel.  Since  the  supply  of  air  is  thus  obtained,  the  layer  of 
fuel  is  always  relatively  thin  to  allow  the  passage  of  the  air. 
Because  of  the  thin  layer  of  fuel,  there  is  a  great  tendency  for 
the  fire  to  bum  through  in  holes  which  let  strong  currents  of  cold 
air  into  the  kiln,  if  the  fire  is  not  constantly  watched  and  attended 
to.     In  this  respect  it  is  more  sensitive  to  careless  firing  than 
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the  other  methods.  It  can,  however,  be  made  to  yield  the  highest 
possible  heat  efficiency  and  perfect  combustion  if  care  is  given 
to  it 

When  ordinary  soft  coal  is  fed  into  a  heated  furnace,  the  first 
stage  in  its  consumption  consists  in  the  expulsion  of  volatile 
gases.  These  are  largely  hydrocarbons  in  coal  and  are  com- 
bustible. The  combustion  in  a  flat  grate  fire  box  can  be  so  regu- 
lated  that  these  gases  are  all  consumed!  and  add  their  heat  of 
combustion  to  the  kiln.  That  is,  by  gauging  the  thickness  of  the 
layer  of  fuel  on  the  grate  and  by  feeding  constantly  smiall  quan- 
tities well  distributed  over  the  grate  surface,  the  air  passing 
through  the  burning  coal  will  be  sufficient  to  oxidize  the  escaping 
gases  as  they  leave  the  fresh  coal.  Perfect  firing,  therefore, 
would  keep  up  continuously  a  smokeless  fire,  for  smoke  from 
the  chinmey  naeans  free  carbon  and  carbonaceous  gases,  fuel 
ingredients,  ruthlessly  and  wastefuUy  thrown  into  the  atmos- 
phere. 

The  layer  of  fuel  is  sometimes  thickened  either  carelessly  or 
in  an  effort  to  prevent  the  fire  burning  through  in  holes.  Such 
procedure  invariably  brings  about  a  lowering  of  the  efficiency 
of  the  furnace.  So  long  as  the  fuel  is  thin  and  the  air  thus  has 
free  passage  in  sufficient  quantity  for  perfect  combustion,  the 
resulting  flue  gases  are  all  completely  oxidized,  the  principal 
products  being  CO2  and  H2O.  Thickening  the  fuel  restricts  the 
free  flow  of  air  through  it  and  the  CO2  formed  at  first  contact 
with  the  incandescent  carbon  is  reduced  to  CO  gas  and  free  car- 
bon, which  escape  with  consequent  loss  of  heat.  This  reaction 
always  occurs  when  the  air  passes  through  a  thick  body  of 
heated  fuel  and  of  itself  not  only  throws  partially  combusted 
gases  into  the  atmosphere  but  prevents  the  oxidation  of  the  vola- 
tile gases  driven  off  when  new  coal  is  added.  The  loss  by  recar- 
bonization  of  COg  may  be  partially  prevented  by  a  secondary 
supply  of  air  from  the  miouth  of  the  furnace  over  the  fuel,  but 
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it  is  rrmeh  more  difficult  to  regulate  such  a  supply  than  to  take 
all  the  air  from  beneath  and  regulate  the  thickness  and  continuity 
of  the  layer  of  fuel. 

A  useful  accompaniment  to  the  horizontal  grate  is  the  so-called 
coking  plate.  The  coking  plate  is  made  of  heavy  sheet  iron  or 
fire  clay  slabs,  and  upon  it  the  fresh  fuel  is  placed  before  it  is 
charged  into  the  combustion  portion  of  the  furnace.  It  is  heated 
by  radiation  from  the  burning?  coal  on  the  g^ate.  The  fresh  fuel 
placed  on  this  plate  is  subjected  to  a  temperature  sufficient  to 
distill  the  volatile,  hydrocarbon  compounds  from  it.  These  gases 
are  slowly  evolved,  and  as  they  pass  over  the  fire  are  entirely 
burned;  while  if  the  fuel  be  charged  directly  into  the  highly 
heated  part  of  the  furnace  a  large  share  is  lost  in  the  smoke. 
When  nothing  but  the  fixed  carbon,  or  coke,  remains  the  charge 
is  fed  to  the  fire. 

The  position  of  the  coking  plate  is  usually  in  front  and  some- 
times in  front  of  and  above  the  grate.  In  either  case,  radiation 
from  the  burning  fuel  drives  oflf  the  volatile  gases  before  com- 
bustion begins.  The  area  of  the  plate  depends  on  the  fuel  u^ed, 
usually  about  one-third  of  the  grate  area.  The  operation  of  the 
coking  plate  furnace  consists  in  keeping  a  supply  of  fuel  always 
on  the  coking  plate  and  feeding  the  fire  only  with  that  fuel  which 
has  already  been  subjected  to  the  coking  process.  The  economy 
of  the  coking  plate  lies  in  the  saving  of  heat  from  the  combustion 
of  the  volatile  constituents,  mucU  of  wliich  is  ordinarily  lost. 
This  is  especially  important  in  burning  soft  coals  and  lignites,  all 
of  which  are  rich  in  volatile  compounds.  There  are  numerous 
patent  coking  futmaces  on  tlie  market.  The  principle  of  all  is  the 
same,  the  variations  being  in  the  details  of  construction.  Some, 
instead  of  having  but  one  plate,  are  made  with  two  or  three, 
which  are  alternately  charged  with  fuel. 

The  inclined  grate  furnace  differs  from  the  last  in  having  the 
grate  bars  set  on  a  slope  downwards  from  the  opening  into  the 
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furnace.  They  do  not  extend  to  the  back  wall  of  the  furnace,  but 
are  supported  by  cross  bars,  one  at  the  furnace  door  and  another 
six  inches  to  one  foot  from!  the  bottom  of  the  ash  pit,  depending 
on  the  slope  at  which  the  bars  are  set  and  the  depth  of  the  fur- 
nace. The  bars  are  frequently  made  of  ordinary  gas  pipe,  which 
serve  the  purpose  well. 

In  operating  the  inclined  grate  bar  furna-ce,  the  fire  is  first 
started  on  the  bottom  beyond  the  ends  of  the  grate  bars.  Fuel 
is  constantly  added  as  the  fire  grows,  until  it  reaches  and  covers 
the  giate.  There  is  usually  no  door  to  the  fire  box  and  the 
inflow  of  air  through  this  oj)ening  and  through  the  bars  is  re- 
stiicted  by  the  heaping  up  of  the  fuel  alone.  When  the  fire  is 
first  started,  therefore,  the  volume  of  air  entering  the  kiln  is  very 
large  and  becomes  less  and  less  as  the  burning  progresses.  The 
ware  in  the  kiln  is,  however,  gradually  prepared  to  stand  the 
increasing  temperature  which  results  from  the  ie?triction  of  the 
air  supply  and  the  larger  quantities  of  fuel.  When  the  opening 
into  the  fire  box  is  entirely  or  partially  blocked  with  fuel  the  air 
for  combustion  must  pass  through  the  grate  and  the  layer  of  fuel. 
Previous  to  this  stage,  the  volatile  gases  are  largely  consumed  by 
the  air  which  comes  in  over  the  fire.  From  the  nature  of  the 
method,  draft  will  be  most  brisk  through  the  fuel  which  is  on  the 
giate  and  slight  through  that  heaped  up  at  the  back  of  the  fire 
box.  The  partially  combusted  gases  which  are  thus  being  con- 
stantly distilled  from  the  latter  will  be  more  or  less  completely 
oxidized  before  passing  into  the  kiln  according  as  the  amount  of 
air  gaining  access  through  the  grate  and  over  the  fire  is  ample 
or  deficient. 

Because  of  the  thick  layer  of  fuel,  there  is  little  danger  of  the 
fire  burning  through  in  holes,  and  when  on  full  fire  the  inflow  of 
air  is  easily  regulated  by  fuel  in  the  door  of  the  fire  box.  AVhile 
the  firing  does  not  allow  of  as  careful  adjustment  as  on  the  flat 
grate  bar,  this  method  is  not  so  susceptible  to  poor  and  unskilled 
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firing  as  the  first.  Much  less  care  is  required  to  keep  the  grate 
free  from  clinkers,  and  this  relieves  the  kiln  from  becoming  peri- 
odically chilled  by  the  cold  air  which  rashes  in  during  this  ox)er- 
ation  witE  flie  flat  grate.  On  closing,  however,  there  is  always 
a  considerable  amount  of  fuel  still  in  the  furnace  from  which 
gases,  some  of  which,  as  sulfur  gases,  are  detrimental,  pass  into 
the  kiln  for  a  long  period  of  the  cooling.  This  is  likewise  true 
of  the  dead  bottom  fire. 

Dead  bottom  firing  is  done  without  the  use  of  grate  bars.  The 
furnace  is  constructed  with  a  front  ash  pit  opening  for  draft, 
and  one  from  above  for  the  admission  of  fuel.  Provisions  are 
made  for  secondary  air  supply  by  a  small  aperture  leading  into 
the  neck  of  the  furnace. 

The  fire  is  started  in  the  base  of  the  ash  pit  against  a  tempo- 
rary blocking  of  loosely  piled  brick  in  the  ash  pit  door.  The  other 
openings  are  closed  and  no  air  is  admitted  except  from  below 
until  the  fuel  is  heaped  above  the  top  of  the  ash  door.  From 
this  stage  on,  fuel  is  charged  from  above  and  extra  air  is  sup- 
plied over  the  fire.  As  the  coal  accumulates  in  the  fire  box  the 
draft  through  it  becomes  less  and  more  air  is  admitted  from 
above.  If  the  coal  forms  a  spongy,  viscous  clinker,  there  is  a 
tendency  for  the  latter  to  assume  an  incline  similar  in  position 
to  the  inclined  grate  bar,  and  if  the  clinker  is  sufficiently  rigid 
and  porous,  to  serve  the  same  purpose.  If  the  clinker  is  too  fusi- 
ble or  lacking,  the  coal  does  not  give  satisfaction  by  this  method 
of  firing. 

Owing  to  the  density  which  a  large  mass  of  fuel  will  attain 
when  burned  in  this  way,  the  air  passing  through  the  fire  in  the 
later  stages  of  burning  is  not  ordinarily  sufficient  for  complete 
combustion.  This  condition  is  sometimes  remedied  in  some 
degree  by  repeatedly  making  holes  through  the  fire  from  below. 
Considerable  amounts  of  unoxidized  fuel  gases,  however,  con- 
tinually pass  into  the  kiln.    Whether  or  not  the  effects  of  such 

Id 
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gases  are  detrimental  depends  on  the  character  of  the  ware  in 
the  kiln.  Wares  in  which  it  is  desirable  to  have  a  uniform  color, 
such  as  stoneware  and  ordinary  building*  brick,  for  examiple, 
would  be  injured  by  such  firing ;  while  paving  brick  and  flashed 
building  brick  are  probably  improved  in  many- cases  by  alter- 
nating oxidizing  and  reducing  conditions. 

There  is  little  expense  for  repairs  in  the  use  of  the  dead  bot- 
tom! fumaoe  and!  any  grade  of  coal  may  be  used,  providing  it 
possesses  the  necessaiy  dinkering  qualities.  This  method'  is 
even  less  susceptible  to  unskilled  firing  than  the  inclined  grate 
bar  process.  It  is,  however,  poorly  suited  to  the  burning  of 
wares  that  suffer  from  changes  in  the  character  of  the  kiln  gases, 
either  during  burning  proper  or  during  cooling.  The  fuel  in 
the  fire  box  at  the  end  of  the  firing  continues  for  hours  to  send 
into  the  kiln  sulf urous  gases  which  often,  and  especially  in  glazed 
wares,  produce  very  deleterious  effects. 

CHANGES  WHICH  OCCUR  IN  THE  BURNING  OP  CLAYS. 

The  changes  which  take  place  in  days  during  burning  may 
be  classed  under  two  heads,  chemical  and  physidsil.  The  relation 
between  these  two  classes  of  changes  is  that  of  cause  and  effect. 
The  physical  character  of  the  clay  is  altered  through  chemical 
processes.  The  real  basis  of  burning  is,  therefore,  the  carrying 
out  of  certain  chemical  reactions  which  when  complete  render 
the  clay  permanent  in  form  and  resistant  to  disintegrating 
agencies. 

The  chemical  changes  that  clays  undergo  in  burning  are  essen- 
tially the  same  for  all  clays  with  only  minor  variations  that  may 
come  about  by  the  presence  of  certain  uncommon  impurities. 
The  temperatures  at  which  these  reactions  occur  are  likewise 
fairly  constant  though  they  may  be  influenced  to  some  degree 
by  the  composition  of  the  clay  and  the  fire  gases.  Certain  of 
the  various  chemical  reactions  that  universally  take  place  in  clay 
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burning  characterize  different  stages  of  the  progress.  A  set  of 
reactions  is  begun  and  practically  completed  before  another  set 
is  initiated.  These  changes  are  sufficiently  distinct  that  the 
whole  burning  process  may  be  divided  into  three  stages,  viz., 
dehydration,  oxidation  and  vitrification. 

It  has  already  been  shown  under  the  chemical  properties  of 
clays  that  the  water  which  they  contain  exists  in  two  forms,  free 
and  chemically  comibined.  That  portion  which  exists  free  when 
the  clay  reaches  the  kiln  is  usually  small  in  amount  an^  if  the 
ware  is  bone  dry  is  known  as  hygroscopic  water  and  will  not  be 
over  three  per  cent  The  combined  water  ranges  from  13.9  per 
cent  in  pure  kaolin  to  4  or  5  per  cent  in  impure  clays. 

Dehydration  is  a  term  which  expresses  the  process  of  driving 
from  the  clay  all  the  water  it  contains.  It  occurs  at  temperatures 
below  a  bright  red  heat  and  is  practically  complete  at  700®  C. 
The  first  heating  of  the  clay  begins  to  remove  the  hygroscopic 
water  and  this  is  all  expelled  when  the  temiperature  has  raised 
to  a  little  beyond  the  boiling  point.  The  amount  of  this  water  is 
so  small  that  there  is  usually  no  difficulty  in  expelling  it,  provid- 
ing the  heat  is  not  raised  too  rapidly  and  a  good  circulation  is 
maintained  through  the  ware  to  remiove  the  evaporated  moisture. 
By  too  rapid  heating  the  moisture  is  changed'  to  steam  while  still 
in  the  pores  of  the  clay,  and  ''popping"  will  sometimes  result 
from  this  cause.  Aside  from  the  liability  to  burst  the  clay,  there 
is  little  danger  of  injury  by  rapid  heating  up  to  the  point  where 
the  combined  water  begins  to  go.  From  boiling  up  to  550°  C, 
just  beginning  red  heat,  the  temperature  may  be  elevated  rapidly 
without  possibility  of  injury. 

Another  essential  in  the  removal  of  the  free  water  is  the  main- 
tenance of  a  large  excess  of  air  in  the  kiln.  If  the  draft  is 
restricted  the  air  may  become  saturated  with  water  and  condensa- 
tion take  place.  As  the  air  passes  through  the  kilji  its  humidity 
increases  as  it  approaches  the  stack;  so  that  if  the  saturation 
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point  is  reached,  condensation  of  the  moisture  will  take  place  on 
the  ware  niearest  the  exit  of  the  air.  In  the  up  draft  kiln  mois- 
ture will  be  deposited  on  the  upper  tiers  of  ware;  in  the  down 
draft,  on  the  bottom  rows  of  brick.  This  deposit  is  sometimes 
sufficient  to  soften  the  clay,  but  the  ware  seldom  loses  shape  from 
this  cause  unless  by  prolonged  condensation  on  the  lower  tiers 
in  the  down  d^raft  kiln.  This  ware  is  under  heavy  pressure  from 
the  weight  of  the  clay  above  and  will  suffer  deformation  more 
easily  than  the  top  clay,  which  is  not  subjected  to  such  weight. 
In  this  connection  it  is  of  inter^t  to  note  that  the  first  clay  to 
dry  in  the  up  draft  is  in  the  bottom  of  the  kiln;  while  in  the 
down  draft  kiln  the  drying  takes  place  from  the  top  downwards. 
The  most  rational  method  of  expelling  the  water  from  the  clay 
is  apparently  by  an  up  draft,  as  in  this  case  the  lower  tiers, 
which  bear  the  weight  of  tons  of  sui)erincumbent  ware,  are  first 
rendered  firm  and  strong;  and  condensation  taking  place  on  the 
top  layers  is  not  apt  to  cause  the  clay  to  crumble  unless  the  depo- 
sition is  excessive.  In  pursuance  of  this  idea,  arrangements  are 
sometimes  madle  in  down  draft  kilns  to  carry  on  the  early  stages 
of  heating  up  by  an  up  draft,  allowing  the  gases  to  escape 
through  the  crown  openings ;  after  which  the  burning  proper  is 
carried  on  by  reversing  the  direction  of  movement  of  the  gases. 
A  more  flagrant  result  of  condensation,  and  one  which  occurs 
more  frequently,  is  scumming  or  whitewashing  of  the  clay.  Ow- 
ing to  the  universal  presence  of  sulfur  in  bituminous  coal,  sul- 
furous  gases  always  result  from  its  combustion.  Wood  is  free 
fromi  sulfur,  and  for  that  reason  is  sometimes  employed  in 
watersmoking.  These  sulfurous  gases  are  absorbed  by  the  con- 
densing mfoisture  and  the  dew  which  settles  on  the  surface  of 
the  clay  is  always  an  acid  one.  Among  common  clays,  there  are 
few  that  do  not  contain  some  compounds  which  will  be  attacked 
or  dissolved  by  such  an  add  dew.  On  the  later  evaporation  of 
the  dew  the  substance  formed  by  the  attack  of  the  acid  on  the 
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salts  of  the  clay  remain  on  the  surface  as  a  scum  or  efflorescence. 
Lime  salts,  both  the  sulfate  and  carbonate,  are  most  apt  to  be 
aflfected  in  this  way,  and  are  the  most  common  cause  of  white- 
wash which  is  brought  about  in  the  kiln. 

After  successful  expulsion  of  the  water  is  accomiplished,  no 
further  change  takes  place  until  low  red  heat  is  attained  and  the 
temperature  can  be  rapidly  raised  to  this  point.  Here  the  com- 
bined water  commences  to  leave  and  is  therefore  another  place 
where  caution  is  required  to  bring  the  clay  through  without  in- 
jury. This  is  ^the  *'watersmoking"  period  of  dehydration,  and 
is  completed  with  an  increase  of  about  150  degrees  of  temper- 
ature. It  has  been  found  by  experiment  that  all  of  the  combined 
water  is  gone  when  a  bright  red  is  reached,  if  the  heat  has  been 
properlj^  raised. 

There  is  a  variance  of  opinion  among  investigators  as  to  the 
effects  of  expelling  the  combined  water  too  speedily  or  too 
slowly.  Too  rapid  expulsion  is  thought  in  some  cases  to  cause 
puffing  of  the  day  but  this  seems  scarcely  possible  as  the  clay  at 
this  heat  is  still  porous  and  offers  little  resistance  to  the  water 
vapor  as  it  leaves  the  clay.  If  we  could  beUeve  that  some  of  the 
water  still  lingers  until  the  outside  of  the  clay  is  sealed  by  vitri- 
fication, swelled  ware  might  be  accounted  for  in  this  way.  It  is, 
however,  true  that  wet  ware  placed  in  the  kiln  will  often  come 
out  badly  bloated,  while  dry  ware  of  the  same  clay  will  be  per- 
fect under  the  same  firing  conditions.  Since,  as  is  believed,  all 
water  is  expelled  at  red  heat,  the  bloating  of  the  wet  clay  may 
possibly  be  due  to  the  influence  of  the  water  in  the  clay  on  the 
expulsion'  of  other  gaseous  ingredients  that  are  the  real  cause  of 
the  bloating. 

The  other  gases  that  exist  in  clays  and  which  are  partially  or 
entirely  driven  out  in  dehydration,  are :  COg,  from  lime  and  iron 
carbonates;  SOg,  from  iron  sulfid;  along  with  the  gases  which 
result  from  the  chaning   and   combustion  of  the  carbonaceous 
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compounds  from  vegetable  matter  in  the  clay.  These  begin  to 
go  at  red  heat,  before  the  water  is  all  expelled,  and  some  of  them 
are  not  entirely  driven  out  until  long  after  the  dehydration  period 
is  passed.  The  slow  expulsion  of  the  water  retards  the  expulsion 
of  the  other  gases  some  of  which  may  remain  in  the  clay  until 
the  rising  temperature  has  sealed  the  outside  by  vitrification 
and  thus  indirectly  aid  ini  producing  bloated  ware.  Just  what 
gases  remain  in  the  clay  to  this  elevated  temperature  is  not  cer- 
tainly known.  It  is  believed  that  CO2  from'  the  carbonate  of 
iron  and  SO3  from  lime  sulfate  may  thus  become  entrapped  and 
swell  the  clay.  It  has  been  further  suggested  that  oxygen  set 
free  by  the  reduction  of  ferric  oxid  to  the  ferrous  condition  may 
be  the  cause  of  bloating,  since  this  phenomenon  is  nearly  always 
accompanied  by  such  reduction.  It  is  evident  that  any.  gas  that 
may  be  generated  in  the  interior  of  a  body  of  viscous  rflay  would 
produce  the  bloated  condition  with  which  clay  workers  are  all 
familiar. 

It  is  known  that  the  carbonate  of  lime  or  of  iron  and  the  sul- 
fates will  not  break  up  readily  and  evolve  their  respective  gases 
if  the  atmosphere  which  surrounds  them  is  already  charged  with 
these  gases.  The  expulsion  of  water  vapor  is  similarly  influ- 
enced. Hence  in  a  kiln  already  filled  with  combustion  gases  and 
water  vapor  the  tendency  is  least  for  the  clay  to  yield  the  gaseous 
oonipounds  which  it  is  desirable  to  get  rid  of.  The  character  of 
the  fuel  gases  depends  on  the  kind  of  fuel  empiloyed  and  the 
draft  The  more  the  fire  gases  are  diluted  by  the  admission  of 
air,  while  still  continuing  a  gradual  increase  in  temperature,  the 
more  favorable  are  the  conditions  for  the  removal  of  gases  from 
the  clay.  The  removal  of  carbonaceous  combustible  material  is 
likewise  favored  by  an  excess  of  air,  which  means  strongly  oxi- 
dizing conditions. 

The  water  smoking  period  is  best  conducted,  therefore,  with 
plenty  of  air  to  dilute  the  fire  gases  and  remove  the  water  and 
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other  vapors  that  are  beginning  to  leave  the  clay.  The  ideal 
fuel  for  use  during  the  whole  dehydration  period,  and  especially 
during  the  earliest  stages,  is  one  free  from  sulfur  and  as  low  in 
water  as  possible.  Soft  coal,  the  commonest  of  fuels,  contains 
as  high  as  3  per  cent  of  sulfur  and  appreciable  amounts  of  water. 
Wood  is  free  from  sulfur  but  on  combustion  furnishes  large 
amounts  of  water  vapor.  The  injurious  effects  of  sulfur  are 
as  a  rule  apt  to  be  seen  only  when  the  latter  is  accompanied  by 
an  excess  of  water.  Similarly,  the  water  will  do  no  harm  ordi- 
narily in  the  absence  of  sulfur.  Bituminous  coal  is,  therefore, 
the  worst  of  fuels  in  this  respect.  Wood  is  better  because  it 
lacks  the  sulfur  and  for  this  reason  is  the  best  obtainable  fuel 
for  water  smoking.  Coke  and  charcoal  are  excellent,  the  latter 
>being  the  theoretically  perfect  fuel  as  it  is  free  from  both  sulfur 
and  water;  but  their  use  is  not  in  most  ptlaoe»  economically 
feasible. 

It  is  clear  from  what  has-  been  said  that  the  proper  regulation 
of  the  draft  is  a  matter  of  great  importance  during  the  period  of 
dehydration.  The  freedom  of  air  circulation  to  be  permitted 
through  the  kiln  is  determined  by  the  kind  of  fuel  employed  and 
the  percentage  and  nature  of  the  gaseous  constituents  to  be  ex- 
pelled from  the  clay. 

It  has  been  pointed  out  that  certain  reactions  other  than  that  of 
dehydration  set  in  during  the  latter  part  of  the  first  period.  These 
reactions,  chief  of  which  are  the  burning  out  of  organic  matter, 
of  the  sulfur  from  sulfids  in  the  clay,  and  the  decarbonization  of 
carbonates,  are  completed  in  the  second,  or  oxidation  stage  of 
burning.  It  has  also  been  shown  that  any  retardation  or  incom- 
pleteness in  the  expxdsion  of  combined!  water  may  hinder  the 
later  and  perfect  removal  of  the  other  gases  and  result  detri- 
mtentally  to  the  ware.  This  points  to  the  conclusion  that  each 
stage  must  be  corf3ucted  as  nearly  separate  from  the  succeeding 
one  as  possible.    The  characteristic  reactions  of  the  first  stage 
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must  be  executed  most  expeditiously  and  completely  before  those 
of  the  second  are  allowed  to  take  place. 

The  second  is  termed  the  stage  of  oxidation,  since  the  pre- 
vailing changes  that  occur  are  processes  of  combination  with 
oxygen.  The  oxidation  of  combustible  matter  in  the  clay  is  com- 
pleted, the  sulfur  from  sulfids  disappears,  and  iron  which  exists 
in  the  clay  in  any  of  the  lower  states  of  combination  is  altered 
to  the  red  or  ferric  condition.  This  latter  reaction  gives  to  com- 
mon clays  their  red  color  and  is  the  most  imrportant  phenomenon 
occurring  during  this  period.  On  the  successful  completion  of 
this  reaction  depends  to  a  great  degree  the  perfection  of  the  ware 
especially  if  it  is  to  be  vitrified. 

If  the  clay  contains  combustible  matter,  as  a  great  many  of 
the  shale  clays  do,  it  is  impossible  to  bring  about  oxidation 
changes  in  the  iron  until  this  is  all  disposed  of.  As  formerly 
stated,  carbonaceous  compounds  which  exist  naturally  in  the 
clay  produce  the  same  effects  in  burning  as  so  much  fuel  arti- 
ficially mixed  therein. 

It  begins  to  bum  at  ai  lowl  red  heat  and  will  disappear  by  the 
close  of  the  first  stage  unless  present  in  excessive  quantity.  In 
the  latter  instance,  it  may  even  be  necessary  to  stop  firing  and 
close  the  kiln  tightly  for  several  hours,  admitting  only  the  air 
that  filters  through  the  kiln  walls  and  around  the  fire  holes,  in 
order  to  prevent  the  rapid  combustion  of  a  large  amount  of  fuel 
at  just  the  time  when  it  is  imperative  to  raise  the  heat  very  slowly. 
This  is  an  unusual  case,  and  such  procedure  will  seldom  be  found 
necessary.  In  all  clays,  however,  that  contain  any  carbon  the 
iron  exists  in  the  ferrous  state  in  the  raw  clay  and  for  this  reason 
must  always  be  oxidized  in  the  kiln.  In  some  weathered  shales 
and  most  surface  clays  oxidation  of  the  iron  is  either  partial  or 
complete  in  nature  and  is  not  an  important  reaction  in  burning. 
Such  clays  are  more  easy  to  bum  than  those  in  which  all  oxida- 
tion must  be  done  in  the  kiln. 
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The  process  of  oxidation  begins  in  the  later  stages  of  deyhdra- 
tion,  500  to  600  degrees  C,  and  should  be  complete  at  900  degrees. 
For  the  average  run  of  clays  it  is  complete  at  750  or  800  degrees, 
and  in  those  clays  that  vitrify  readily  it  is  especially  essential 
that  oxidation  be  finished  at  as  low  a  teml)erature  as  possible. 
The  oxygen  for  this  reaction  comes  from  the  atmosphere, 
whether  it  is  accomplished  in  the  bank  or  in  the  kiln.  In  the 
former  case  the  process  is  a  slow  one  but  may  be  just  as  com- 
plete as  that  accomplished  in  the  kiln  at  high  temperatures  in 
a  few  hours.  The  amount  of  oxidation  required  then  depends 
upon  the  character  of  the  day.        , 

The  compounds  of  iron  most  commonly  found  in  ferrous  clays 
are  iron  pyrites,  FeSg,  and  the  carbonate,  FeCOg.  FeSg  loses 
one  atom  of  S  at  about  red  heat,  but  holds  the  other  to  a  higher 
tennperature,  when  it  finally  breaks  up  and  the  iron  is  oxidized. 
PeCOa  loses  CO2  at  a  strong  red  heat,  becoming  FeO.  Both  of 
these  comipounds  are  thus  reduced!  to  ferrous  oxid,  and  whether  or 
not  they  are  then  changed  to  the  red  ferric  oxid  depends  upon  the 
kiln  atmosphere  from  which  they  must  obtain  the  necessary  oxy- 
gen. If  this  oxygen  is  present  in  large)  amounts,  i.  e.,  if  there  is 
passing  into  the  kiln  an  excess  of  air  and  the  carbon  of  the  fuel  is 
largely  burned'  to  CO2,  the  conditions  are  favorable  to  oxidation 
of  the  iron.  If,  however,  the  flow  of  air  is  restricted  and  there  is 
passing  into  the  kiln  quantities  of  CO  and  unburned  hydrocar- 
bons, themselves  greedy  for  oxygen,  it  is  very  evident  that  no 
oxidation  of  the  clay  can  take  place,  the  tendency  of  these  gases 
being  rather  to  remove  or  withhold  what  little  oxygen  is  present 
than  to  supply  it.  A  smoking  kiln  indicates  a  reducing  fire;  a 
clear  one,  an  oxidizing  fire. 

In  the  presence  of  an  ample  srqpply  of  air  the  ferrous  oxid  pro- 
duced by  the  decomposition  of  the  sulfid  and  carbonate  will  at 
once  pass  to  the  red  ferric  oxid,  and  when  this  reaction  is  com- 
plete the  oxidation  stage  is  safely  passed.    If  the  supply  of  oxy- 
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gen  is  just  suflSdent  for  the  combustion  of  the  fuel  in  the  fur- 
nace, none  remains  for  the  combustion  of  the  iron  in  the  clay, 
for  the  latter  is  truly  a  process  of  combustion,  the  oxid  formed 
remaining  as  a  solid  instead  of  passing  out  a  gas.  If  the  air 
supply  is  deficient,  that  is,  insufficient  for  good  combustion,  and 
volumes  of  heavy  smoke  emanate  from  the  stacks,  oxidation  is 
not  only  checked  but  the  redliction  of  oxids  already  existing  will 
take  place. 

Ferrous  oxide,  FeO,  is  a  very  violent  flux  at  high  temperatures, 
and  if  the  requisite  oxygen  for  changing  it  to  ferric  oxide, 
FejOa,  is  absent,  it  will  enter  into  silicate  combination  with  the 
clay.  The  result  of  such  a  combination  is  bloated,  deformed  and 
even  slagged  ware.  This  reaction  is  less  apt  to  occur  the  lower 
the  temperature,  hence  the  desirability  of  completing  oxidation 
as  early  as  possible.  If  once  changed  to  FcaOg,  the  tendency  to 
reduce  to  FeO  by  a  period  of  reducing  fire  is  greatly  decreased. 
It  is  the  nascent  FeO  that  is  most  apt  to  do  damage. 

With  the  above  noted  influences  of  the  character  of  the  kiln 
gases  in  mind,  it  is  plain  that  the  readiness  with  which  they  are 
able  to  accomplish  their  work  is  dependent  on  the  structure  of 
the  clay.  A  close-textured,  fine-grained  clay  affords  less  easy 
aiccess  to  interior  portions  than  a  coarse-grained,  open-textured 
one;  for  the  oxidation  of  a  mass  of  clay  can  only  proceed  from 
the  surface  inward  by  actual  circulation  and  contact  of  the  hot 
gases  with  the  oxidizable  minerals. 

The  importance  of  thoroughly  completing  this  stage  of  the 
bum  before  the  last  stage  is  allowed  to  begin  will  now  be  appar- 
ent. When  this  stage  is  completed  a  common  brick  will  show 
red  color  to  the  center  when  broken.  If  it  is  banded  or  has  a 
core  different  in  color  from  other  parts,  it  is  incomplete.  This 
stage  completes  the  bum  for  ordinary  building  brick,  but  it  is  even 
more  important  to  have  oxidation  complete  in  ware  that  is  to  be 
vitrified  than  in  such  as  matures  at  this  point.     The  state  of 
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affairs  in  a  burning  kiln  may  be  ascertained  by  dtawing  a  test 
brick  from  a  part  of  the  kiln  in  which  the  process  progresses 
slowest.  If  this  is  perfect  it  is  safe  to  assume  that  the  whole 
kiln  ifi  in  a  simdlar  condition. 

The  detrimental  effects  of  the  imperfect  carrying  out  of  the 
work  of  this  stage  are  likewise  apparent.  If  the  temperature  is 
raised  to  vitrifying  heat  before  oxidation  is  complete,  the  FeO 
in  the  center  of  the  brick  will  combine,  giving  the  black,  slaggy 
core,  an  element  of  weakness.  In  case  the  work  of  dehydration 
has  not  been  properly  executed,  the  iron  may  still  retain  its 
CO2  at  this  heat.  When  it  does  finally  decompose,  the  ware  is 
already  softened  by  vitrification,  no  oxidation'  is  possible,  and 
to  the  slagging  effects  of  the  ferrous  oxid  in  the  middle  of  the 
brick  are  added  the  puffing,  bloating  effects  of  the  enclosed  and 
expanding  gas. 

The  term  vitrification  is  given  to  the  last  stage  of  the  burning 
process.  The  word  itself  means  conversion  into  a  glass  or  glassy 
condition.  As  used  in  connection  with  the  burning  of  clays  the 
word  has  come  to  have  a  somlewhat  restricted  or  specialized  defi- 
nition. The  manufacture  of  glass  consists  in  melting  together 
mineral  substances  to  a  condition  of  perfect  fluidity  such  that 
when  the  mixture  is  properly  cooled  it  will  possess  a  homogene- 
ous composition  and  an  amorphous  structure.  The  physical  con- 
ditions surrounding  a  vitrifying  clay,  and  the  ingredients  of 
clays  themselves,  are  similar  to  those  obtained  in  glass  produc- 
tion. But  the  process  of  heating  and  consequent  fusion  of  these 
ingredients  is  not  carried  as  far  in  the  kiln  as  in  the  glass  pot. 
As  a  result  what  would  be  called  a  thoroughly  vitrified  clay  does 
not  have  a  homogeneous  composition  and  its  structure  is  more 
or  less  crystalline;  its  partially  crystalline  condition  being  due 
in  part  to  incomplete  fusion  and  in  part  to  recrystallization  on 
cooling. 
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Vitrification  means,  therefore,  the  beginning  of  chemical  com- 
bination of  the  minerals  of  the  clay  with  each  other.  During  the 
two  preceding  stages,  chemical  changes  have  occurred  but  they 
were  limited  to  the  breaking  up  by  the  advancing  heat  of  com- 
pounds already  existing  in  the  clay  and  the  combination  of  cer- 
tain elements  with  the  oxygen  of  the  kiln  atmosphere.  After 
these  are  all  complete,  combination  among  the  constituents  of 
the  clay  begins  and  becomes  miore  and  more  complex  as  the  tem- 
perature rises.  If  carried  far  enough  most  clays  will  be  finally 
reduced  to  a  fluid  glass.  It  is  clear  that  the  composition  of  the 
clay  determines  the  complexity  of  the  vitrifying  reactions,  the 
readiness  with  which  fluidity  is  attained  and  the  temperatures 
at  which  these  reactions  take  place.  There  is  always  a  stage  in 
the  fusion  of  a  clay  that  is  capable  of  melting,  beyond  which  if 
the  temperature  be  raised  the  clay  will  lose  its  shape.  It  has 
been  found  that  with  some  clays  this  line  can  be  more  closely 
approached  than  with  others.  This  depends  on  the  proportions 
of  the  varioussi  fluxing  elements  in  the  clays  as  explained  under 
Fusibility  of  Clays.  Experience  has  also  proved  tliat  from  those 
clays  which  can  be  suooessfully  handled  in  the  kiln  at  temper- 
atures of  vitrification,  will  result  the  better  final  product  the 
more  complete  the  vitrification  is,  that  is,  the  more  nearly  the 
condition  of  the  clay  can  be  brought  to  the  state  beyond  which  it 
would  settle  out  of  shape.  If  the  vitrification  is  not  carried  this 
far  the  clay  will  be  porous  and  possess  low  wearing  qualities. 
Carried  beyond  this  condition,  the  ware  is  brittle.  Just  at  this 
point,  the  clay  can  be  so  cooled  as  to  produce  a  ware  of  maxi- 
mum toughness,  minimum  porosity  and,  therefore,  of  most  per- 
manent quality,  for  the  clay  used.  It  is  this  condition  to  which 
the  teim  vitrification  is  applied. 

When  combination  takes  place  amonpr  the  minerals  of  a  clay 
the  identity  of  each  is  gradually  lost  until  finally  they  are  all 
so  amalgamated  into  one  another  that  separated  minerals  can 
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no  longer  be  distinguishd.  On  the  completeness  of  this  amal- 
gamation and  the  resulting  degree  of  softening  of  the  clay  as  a 
basis,  some  have  divided  the  process  of  vitrification  into  stages. 
Incipient  vitrification  is  attained  when  the  particles  have  begun 
to  unite  but  while  their  identitj^  is  still  fairly  distinct;  when  the 
porosity  is  not  over  two  jyev  cent;  and  while  the  fracture  would 
not  yet  be  vitreous  or  glassy.  The  ware  has  about  reached  its 
maximum  strength  and  is  in  the  condition  to  which  many  of  the 
best  vitrified  paving  brick  are  burned.  Between  incipient  vitri- 
fication and  the  last  stage,  which  is  called  viscoiis  vitrification  or 
fusion,  is  a  range  in  temperature  of  from  one  hundred  to  four  or 
five  hundred  degrees  F.,  according  to  the  clay.  During  this  inter- 
val the  clay  particles,  with  the  exception  of  the  larger  sand  and 
other  refractory  grains,  entirely  lose  their  identity  and  the  oiigi- 
nal  structure  of  the  clay  disappears.  The  clay  reaches  its  limit 
of  shrinkage,  and  becomes  practically  non-jiorous  as  it  gradually 
passes  into  the  viscous  state.  This  condition  before  viscosity, 
or  actual  flowage,  begins,  is  termed  complete  vitrification.  It  is 
the  limit  in  burning  vitrified  ware.  If  cooled  quickly,  even  in 
this  thoroughly  vitrified  condition,  the  ware  will  be  brittle,  while 
if  properly  annealed  by  slow  cooling,  a  perfectly  tough  and 
strong  ware  will  be  produced.  The  effort  of  burners  is  to  attain 
complete  vitrification  without  passing  over  the  border  line  into 
viscous  vitrification  and  fusion.  It  is  very  evident,  though,  that 
with  any  clay  no  definite  or  fixed  lines  can  be  drawn  between 
these  several  stages,  as  each  gradually  passes  into  the  succeeding 
one.  The  rapidity,  however,  with  which  these  transitions  pro- 
gress vary  widely  among  different  clays  and  control  more  than 
any  other  factor  the  availability  of  clays  for  the  manufacture  of 
vitrified  wares. 

Just  what  the  reactions  of  vitrification  are  can  not  be  stated. 
Little  moie  can  be  said  than  that  they  are  combinations  of  the 
bases  or  fluxing  compounds  with  the  acid  elements  of  the  clay 
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lr.»  form  silicates.  The  bases  become  active  according  to  their 
relative  fusibilities  and,  in  a  general  way,  influienoe  vitrification 
in  proportion  to  their  molecular  weights.  The  temi)erature  at 
which  vitrification  occurs  is  likewise  variable,  being  also  depend- 
ent on  the  composition  of  the  clay.  In  some  of  the  more  impure 
clays  vitrification  begins  at  900°C.,  while  some  clays  used  in 
paving  brick  manufadJure  require  upwards  of  1200°  for  good 
vitrification, 

Tlie  regulation  of  the  firing  conditions  during  vitrification  is 
not  especially  difficult,  providing  the  work  of  the  two  pi^cediug 
stages  j^iHS  been  properly  executed.  If  the  clay  is  thoroughly 
oxidized  and  of  a  uniform  red  color  throughout  the  cross  section 
of  the  thickest  piece  of  ware,  there  is  little  danger  of  trouble  in 
the  last  stage  unless  the  kiln  is  excessively  over  fired.  The  vitri- 
fication changes  take  place  gradually  with  the  rise  of  temper- 
ature, and  without  especial  dependence  on  the  character  of  the 
kiln  gases.  Of  course,  a  period  of  strongly  reducing  conditions 
will  begin  to  change  the  iron  back  to  the  blue,  ferrous  form^  but 
as  the  clay  has  already  lost  a  large  percentage  of  its  porosity 
this  rediiction  can  go  on  but  very  slowly  and,  unless  this  period 
be  long  continued,  can  do  little  harm.  iTb  engineers  the  dark 
brown  color  of  pavers  is  often  an  indication  of  superior  quality, 
an,d  manufacturers  sometimes  adopt  the  use  of  a  salt  glaze  to 
give  the  desired  appearance.  This  expedient  is  not  ordinarily 
necessary,  as  a  superficial  **skin:''  of  the  dark,  ferrous  brownish- 
black  color  can  be  produced  by  a  brief  period  of  reducing  con- 
ditions just  before  closing  the  kiln.  The  cross  section  of  such 
brick  shows  a  uniformly  red  color,  coated  with  a  layer  of  brown. 
The  thinner  this  outside  layer  is  tlie  better,  as  it  adds  nothing  to 
the  wearing  quality  of  the  brick.  The  farther  into  the  brick  such 
reduction  progresses,  the  more  brittle  tlie  ware  is  apt  to  be. 
Vitrified  ware  that  is  salt  glazed,  e.  g.,  sewer  pipe,  are  found  to 
take  and  retain  a  smoother  glaze  if  superficially  reduced  just 
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before  the  salt  is  applied.  This  is  especially  useful  in  the  de- 
struction of  whitewashes  which  materially  prevent  the  attach- 
ment of  the  glaze. 

The  most  oomimon  defect  obflerved  in  vitrified  wares  is  black 
cores,  which  are  frequently  puffed  or  vesicular.  It  has  been 
pointed  out  that  the  cause  of  this  is  the  lack  of  thorough  oxidation, 
and  that  it  is  in,  no  degree  attributable  to  the  firing  conditions  dur- 
ing vitrification.  Remedial  measures  should  therefore  be  adopted 
before  this  stage  is  reached.  Excessive  over-firing  will  of  course 
finally  melt  the  clay,  but  if  it  is  one  which  is  low  in  lime  and 
contains  good  percentages  of  iron  and  the  alkalis,  vitrification 
is  slow,  and  only  the  grossest  mismanagement  can  ruin  the  ware. 
Under-firing  is  more  commoiL 

On  completion  of  the  oxidizing  stage  of  the  bum,  the  large  air 
excess  which  has  heretofore  been  necessary  is  greatly  reduced 
and  an  increase  in  temperature  is  at  once  produced.  The  ex- 
emjplary  kiln  for  burning:  vitrified  wares  is  the  down  draft.  Be- 
cause of  the  rise  in  temperature,  the  top  brick  soon  begin  to  take 
odj  the  changes  of  vitrification.  The  problem  from  this  point  on 
is  to  carry  this  heat  downwai*ds  through  the  ware  to  the  bottom 
of  the  kiln  without  over-burning  the  top  courses.  When  the  top 
ware  is  heated  to  about  the  maximumi  tem/perature  it  will  stand 
the  air  inlets  are  opened  and  the  gases  are  cooled  somewhat  as 
they  pass  into  the  kiln.  When  they  reach  the  top  brick,  which 
now  have  a  temperature  higher  than  the  gases,  heat  is  absorbed 
from  these  brick  and  carried  downward  through  succeeding 
courses.  After  a  brief  period  the  air  access  is  cut  off,  the  top 
courses  again  heat  up  to  a  maximumi,  and  another  in-flow  of  air 
is  permitted,  which  carries  the  heat,  each  time  this  is  repeated, 
farther  down  into  the  kiln.  Such  a  procedure  is  necessary  to  pre- 
vent overburning  of  the  top  brick  while  those  below  are  in  zones 
progressively  brought  up  to  the  required  temperature.  Each 
alternation  in  the  flow  of  air  sends  a  wave  of  cooler  gas  into  the 
kiln,  which  takes  its  maximumi  temperature  from  the  upper  tiers 
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of  brick  and  each  time  extends  the  zone  of  highest  heat  a  step 
towards  the  bottom)  of  the  kiln.  Even  under  these  apparently 
favorable  conditions,  however,  the  bottom  brick  are  seldom 
burned  as  hard  as  the  top,  and  oftentimes  the  top  brick,  while 
neither  distorted  nor  entirely  worthless,  are  nevertheless  some- 
what brittle,  weak  and  of  inferior  quality,  due  to  thfe  alternating 
heatings  and  coolings  while  so  close  to  the  melting  temperature. 

TYPES  OF  KILNS. 

There  are  various  styles  of  kilns  in  use  in  the  different  lines 
of  the  clay  industry.  The  modifications  which  are  found  among 
the  individual  kilns  of  a  general  type  are  lar^ly  those  that  are 
necessary  for  meeting  certain  peculiarities  in  clays  or  to  give 
them  certain  desired  properties  in  burning,  or  such  as  are  neces- 
sitated to  adapt  the  kiln  to  the  production  of  a  special  line  of 
ware.  Of  the  numerous  kilns  in  common  use,  practically  all 
may  be  included  in  the  two  groups,  intermittent  and  continuous, 
which,  as  the  terms  suggest,  are  in  the  one  case  periodic,  and  in 
the  other  continuous,  in  their  mode  of  operation. 

The  intermittent  kiln  embraces  by  far  the  largest  number  of 
clay  burning  kilns  in  all  sections  of  the  country.  It  is,  however, 
gradually  giving  way  to  the  continuous  kUn  for  burning  many 
of  the  commoner  grades  of  ware,  as  the  merits  of  the  latter  be- 
come more  familiar  to  clay  workers.  The  intermittent  kilns  may 
be  divided  as  follows : 

Temporary.  {^^|>;f,''-'-P, 


Intermittent  kiln. 


Up  draft 


Permanent 


^Direct {|r«nr'" 


Semi-muffle 
Muffle 


>  Pottery  kilns 


Down  draft.  • 


Direct , 


Round {SfXlelfa'ck 

I  Rectangular....  {M'p.rS'i'clc 


Muffle 
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UP  DRAFT  KILNS. 

The  temporary  up  draft  kiln  is  exemplified  by  the  old  Englisli 
clamp  and  the  American  scove  kilns.  In  both  these  types  the 
kiln  is  built  chiefly  of  the  ware  to  be  burned  but  is  commonly 
walled  and  covered  with  burned  brick  and  bats  which  are  kept 
mudded  up  to  prevent  the  loss  of  heat.  In  the  clamp  kiln  the 
fuel,  which  must  be  pulverized,  is  charged  in  layers  wilh  the 
setting  of  the  brick.  Low  arches  at  the  bottom  are  also  con- 
structed of  the  green  brick  and  are  filled  with  fuel.  The  fires 
are  started  in  these  arches,  from  which  burning  progresses  of 
itself  throughout  the  kiln.  When  the  fuel  which  has  been  in- 
cluded in  the  ware  is  consumed,  the  bum  is  completed. 

This  kiln  has  not  met  any  extended  use  in  this  country.  The 
principle  is  crudely  applied  in  burning  clay  for  ballast  at  some 
points  in  the  state.  The  clay  is  heaped  up  by  means  of  specially 
designed  steam  shovels  into  a  mound  three  to  six  feet  high,  lay- 
ers of  slack  coal  alternating  with  layers  of  clay.  The  mound 
is  made  cf  any  desired  length  up  to  half  a  mile  or  so,  and  of  a 
width  depending  on  the  amount  of  ballast  to  be  prepared;  the 
clay  being  fired  simultaneously  along  its  whol-j  length,  and  the 
fire  i)rogressing  towards  the  side  where  the  clay  and  fuel  are 
being  i^led.  In  a  sense,  the  process  is  a  continuous  one,  although 
it  possesses  none  of  the  elements  of  economy  to  be  had  in  the 
continuous  kiln. 

The  so-called  soove  kiln  is  similar  in  construction  to  tlie  olamp 
kiln  but  diflFers  in  operation,  due  to  tlie  fact  that  the  fuel  is  not 
included  with  tlie  brick,  bult  is  burned  in  arches  which  sen^e  as 
temporary  fire-places.  Since  the  heat  must  be  carried  through 
Ihe  ware  by  air  currents,  a  more  open  setting  is  retjuired  than 
in  the  clamp,  wliere  the  brick  are  set  nearly  solid. 

The  permanent  up  draft  kilns  are  separated  into  direct  and 
muffle,  according  to  whether  the  combustion  gai^es  pass  through 
the  ware,  thus  heating  by  convection,  or  are  separated  from  the 

19 
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ware  by  a  partial  or  complete  enclosing  wall,  through  which  the 
clay  is  burned  by  radiation  and  conduction.  The  side  walls  are 
built  pepnanently  instead  of  being  erected  as  each  kiln  is  set. 
The  walls  are  frequently  built  the  total  height  of  the  kiln,  but 
naiore  often  only  eight  to  ten  feet  high,  the  necessary  courses 
alvove  this  being  added  as  the  brick  are  set.  The  top  is  covered 
with  one  row  or  more  of  burned  brick  **  platting, ' '  which  is  of 
course  i  ejnoved  as  the  kiln  is  drawn. 

In  these  side  waJlSi  openings  are  left  which  leadl  into  arches 
formed  in  setting  the  green  brick,  and  in  which  the  fuel  is 
burned.  A  further  step  in  the  evolution  of  the  kiln  is  the  con- 
struction of  partial  permanent  end  walls  and  of  fire-boxes  in 
the  side  walls.  One  furnace  may  feed  one  or  mlore  arches.  By 
this  imprQvement  the  draft  is  much  more  carefully  regulated 
and  the  percentage  of  unsalable  brick  immediately  around  thb 

■ 

arches  greatly  reduced.  The  permanent  kiln  wall  prevents  the 
loss  of  considerable  heat  by  radiation  and  aids  in  bringing  about 
a  more  even  bum  than  is  possible  in  the  temporary  kiln,  where 
the  outside  brick  are  always  soft  burnt  and  those  surrounding 
the  arches  are  cracked  or  slagged. 

The  round  up  draft  kiln  is  the  early  pottery  kiln,  and  its  use 
has  •  continued  to  the  present  time  in  the  stoneware  industr5\ 
•The  kiln  consists  of  a  lower  combustion  chamlber  into  which  the 
fire  boxes  openi  beneath  a  chamber  in  whicli  the  ware  is  placed. 
The  combustion  chamber  occupies  practically  all  the  space  be- 
neath the  ware  chamber,  but  the  bottom  is  solid,  except  those 
portions  occupied  by  the  grate  bars  of  the  furnaces,  which  is  a 
small  proportion  of  the  total  space.  Between  this  and  the  ware 
chamber  above  is  fire  brick  work,  perforated  to  allow  the  passage 
of  the  gases.  The  outlet  is  usually  a  series  of  little  chimneys 
leading  out  through  the  kiln  crown.  The  work  of  this  kiln  is  in 
most  cases  characteristic.  AVhere  the  gases  are  allowed  to  come 
into  contact  with  pottery  wares  in  any  kiln,  flashing  is  common, 
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since  the  clays  used  are  sensitive  to  oxidation  and  reduction.  So 
much  does  this  sensitiveness  vary,  though^  that  some  clays  give 
no  trouble  whatever,  while  others  that  in  other  respects  are  suit- 
able for  stoneware  mlanufacture,  must  be  discarded  because  the 
ware  made  from  them  invariably  comes  from  the  kiln  with  flafi-h 
marks  on  it.  Glazed  wares  show  ^'bluestoning'^  when  burned 
in  this  kind  of  kiln,  probably  caused  by  the  reducing  action  of 
the  gases  on  the  iron  in  the  clay.  Tlhis  peculiarity  is  seldom 
noticeable  in  mu,ffle  burned  wares. 

In  its  evolution,  to  the  modem .  pottery  kiln,  the  principal 
change©  in  this  primitive  up  draft  have  been  such  as  to  prevent 
more  and  more  the  contact  of  the  combustion  gases  with  the 
ware.  The  passage  of  these  gases  was  restricted  to  the  center 
and  the  outermost  portions  of  the  kiln,  the  rest  of  the  floor  of 
the  ware  chamber  being  solid.  Between  the  mloving  gases  and 
the  ware  were  constructed  bag  walls  extending  around  the  entire 
circumference  of  the  kiln.  These  bag  walls  are  now  built  to 
varying  heights,  from  very  low  to  the  top  of  the  ware,  and  even 
for  special  reasons  completely  enclosing  the  ware.  The  gases 
are  thus  always  more  or  less  separated  from  the  ware,  which  is 
heated  more  and  more  by  conduction  through  the  walls  as  the 
latter  are  built  higher.  To  promote  a  draft  through  the  center 
of  the  kiln,  the  ware  is  either  stacked  so  as  to  leave  a  center  open- 
ing, or  a  permanent  center  flue  is  provided.  The  effect  of  screen- 
ing the  ware  from  contact  with  the  flames  is  to  do  away  with 
flashing.  If  this  protection  is  partial,  as  where  the  bag  walls 
are  built  but  a  fraction  of  the  height  of  the  ware,  the  construc- 
tion is  spoken  of  as  a  semi-muffle  kiln.  Where  the  muffling  is 
complete,  as  where  both  walls  and  center  flue  unite  above  the 
ware  and  entirely  enclose  it,  the  kiln  is  termed  a  muffle  kiln. 

As  soon  as  imanediate  contact  of  the  hot  gases  with  the  ware  to 
be  burned  is  cut  off,  the  consumption  of  fuel  is  greatly  increased. 
It  is  therefore  necessary  to  have  perfect  control  of  the  draft,  so 
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as  to  curtail  as  much  as  possible  the  losses  by  air  excess.  The 
chemical  character  of  the  gases  becomes  of  minor  importance 
when  they  are  not  allowed  to  touch  the  ware.  The  number  of 
furnaces  is  increased  in  this  modified  construction,  and  the  fire 
boxes  are  built  and  the  fuel  is  fired  so  as  to  generate  the  maxi- 
mum number  of  heat  units  possible.  The  grates,  fire  doors  and 
sta-ek  are,  in  improved  kilns  of  this  type,  under  complete  control. 
It  is  evident  that  under  these  conditions  careless  or  unskilled  fir- 
ing can  easily  entail  a  high  percentage  of  waste  over  that  which 
it  is  impossible  to  avoid. 

DOWN  DRAFT  KILNS. 

Round  Doivn  Draft  KUnsi—The  commonest  example  of  the 
down  draft  kiln  is  the  round,  single  stack  kiln.  This  type  is 
used  more  than  any  other  in  all  branches  of  the  clay  industry. 
Modifications  of  the  simple  tj'^pe  are  many,  according  to  the  con- 
ditions and  clay  in  different  places,  but  the  principles  of  opera- 
tion remain  essentially  the  same.  The  number  of  stacks  is  found 
to  vary  widely,  and  the  arrangemtent  of  the  flues  leading  to  the 
stacks  and  the  openings  from  the  kiln  chamber  into  the  flues  are 
points  of  variable  design. 

Under  an  earlier  topic  the  relative  merits  of  the  classes  of  fire 
boxes  in  common  use  have  been  pointed  out.  Any  of  them  may 
be  used  on  the  round  down  draft  kiln,  but  whether  one  or 
another  is  to  be  chosen  depends  upion  the  clay  and  thia  ware  into 
which  it  is  wrought.  If  it  is  requisite  to  have  the  kiln  atmos- 
phere uniformly  oxidizing,  or  if  the  ware  is  such  that  sjilfurous 
emanations  may  be  injurious,  the  inclined  grate  or  dead  bottom 
fire  would  not  be  suitable;  while  either  of  the  latter  would  be 
applicable  for  burning  paving  brick  or  other  wares  that  are  not 
injured,  and  often  even  benefited,  by  an  occasional  period  of 
reduction. 
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The  burning  of  all  wares  through  which  it  is  allowable  for  the 
fire  gases  to  circulate  is  accomplished  by  the  transfer  of  heat 
from  the  fire  by  these  moving  currents.  This  method  of  heating 
is  termed  convection.  It  is  evident  that  in  all  but  muffle  kilns 
this  is  the  important  means  by  which  the  heat  reaches  the  ware. 
The  production  of  an  equal  draft  through  all  portions  of  a  kiln 
of  ware  is  thus  an  all-important  consideration.     The  flow    of 
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gases  through  a  kiln  is  influenced  by  the  same  factors  as  affect 
the  movement  of  any  liquid.  ■  If  unobstructed  they  seek  the  most 
direct  and  open  way  to  the  exit  flue. 

The  round  down  draft  was  first  built  with  but  one  center  draft 
opening  which  led  to  an  outside  stack.  The  tendency  of  the 
gases  was  to  take  the  shortest  route  to  this  opening  from  the  top 
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of  the  bag  walls  over  which  they  entered  the  kiln.  Parts  of  the 
kiln  between  the  bags  and  the  draft  opening  were  left  unequally 
heated,  while  if  the  temperature  was  raised  so  as  to  burn  these 
parts  properly,  the  portions  in  direct  line  of  the  draft  were  over- 
burned.  Such  a  defect  in  the  working  of  a  kiln  is  a  difficult  one 
to  remedy  as  long  as  but  the  one  opening  is  provided.  It  may  be 
in  part  imiproved  by  methods  of  setting  the  ware,  but  after  the 
kiln  is  on  fire  and  the  direction  of  the  flow  of  the  gases  is  once 
established  it  is  a  troublesome  matter  to  control.  This  is  true 
because  of  the  higher  temperature  in  the  line  of  flow,  which  6t 
itself  produces  drafts  and  hence  continually  strengthens  that 
which  is  started.  In  a  similar  way  the  draft  in  kilns  with  side 
stacks  is  apt  to  be  such  as  to  leave  the  middle  portions  poorly 
burned.  Experience  has  shown  that  an  equal  distribution  of  the 
draft  through  all  portions  of  the  kiln  can  only  be  obtained  by 
taking  tlie  gases  out  through  openings  distributed  over  the  kiln 
bottom  instead  of  through  a  single  well  towards  wliich  they  will 
all  naturally  concentrate. 

The  evolution  of  the  down  draft  kiln  to  the  diverse  types  of 
the  present  has  taken  place  largely  by  modifications  and  im- 
provements in  the  flue  systems,  and  in  the  arrangements  for  lead, 
ing  the  gases  from  the  kiln  into  these  flues.  An  early  step  in 
tliis  evolution  was  to  have  in  place  of  the  center  well-hole  one 
open  flue  across  tlie  middle  of  the  kiln  bottom.  This  flue  led  to 
an  outside  stack*.  Tlhe  gases  were  naturally  drawn  by  the  short- 
est route  to  this  exit.  As  a  result  there  was  produced  a  highly 
heated  area  in  the  part  of  the  kiln  closest  to  the  stack.  A  further 
modification  was  to  afford  a  flue  circling  the  interior  of  the  kiln 
and  connecting  with  a  diametric  flue  such  as  was  first  used  alone. 
This  is  the  principle  of  the  construction  of  a  kiln  which  is  quite 
popular  in  some  localities  at  the  i>resent  time.  Tio  prevent  ex- 
treme concentration  of  the  draft  in  this  kiln  the  flues  are  closed 
for  some  distance  in  the  part  of  the  kiln  nearest  the  stack.    While 
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of  course  such  a  provision  sen'es  to  retard  the  more  pronounced 
flow,  the  tendency  for  the  gases  to  leave  the  kiln  as  near  the  stack 
as  possible  is  always  present  and  invariably  disturbs  the  equal- 
ity of  the  draft. 

A  diametric  open  ffue  connected  with  the  stack  by  a  covered  flue 
was  somewhat  of  an  improvement  over  the  foregoing,  but  in  thiR 


no.  28.    Bound  down  dntO  kiln  with  two  itaoki. 

the  draft  is,  as  before,  usually  strongest  in  the  central  parts  of 
the  kiln.  A  series  of  concentric  flues  intersecting  the  main  stack 
flue  likewise  give  far  from  perfect  satisfaction. 

It  is  plain  that  any  arrangement  by  which  the  gases  are  finally 
removed  from  the  kiln,  otlier  than  from  the  center  of  the  bottom', 
must  tend  to  heat  the  kiln  in  spots  and  not  symmetrically  with 
reference  to  the  center.    As  has  been  shown,  where  there  is  but 
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one  outlet,  and  that  a  center  well  hole,  the  gases  draw  directly 
towards  that  point.  The  draft  is,  however,  syininetrically  dis- 
tributed from  circumference  to  center.  Although  the  outer  por- 
tions receive  the  least  draft,  it  is  alike  in  all  similar  parts  of  the 
kiln.  A  means  which  will  operate,  therefore,  to  equalize  the  draft 
from-  circumference  to  center,  must  be  of  such  design  that  por- 
tions of  the  gases  will  be  remloved  from  the  ware  chamber  at 
points  distributed  over  this  intermediate  area.  These  openings 
must  lead  into  channels  which  carry  the  gases  to  the  center  stack 
flue  and  must  be  so  proportioned  in  size  that  an  equal  volume 
of  air  will  pass  through  each  during  the  same  interval.  In  gen- 
eral, they  should  decrease  in  diameter  towards  the  center,  draft 
directly  into  the  main  outlet  being  practically  cut  off. 

There  are  numerous  methods  of  attaining  this  end.  The  com- 
monest is  by  the  construction:  of  radial  flues  outward  from  the 
center.  The  number  of  these  is  usually  determined  by  the  num- 
ber of  fire  holes,  the  flues  bisecting  the  areas  between  the  bag 
walls.  Occasional  openings  are  made  into  these  flues.  The  open- 
ings are  larger  the  farther  from  the  center,  so  the  outside  will 
draw  as  strongly  as  the  central  portions.  The  shape  of  these 
openings  is  variable  and,  indeed,  immaterial,  and  their  number 
is  not  fixed.  The  total  area  of  those  leading  into  any  one  flue 
should,  however,  be  less  than  the  cross  section  of  that  flue.  That 
is,  the  flue  should  be  able  to  pass  more  air  than  can  enter  it 
through  these  openings.  For  the  same  reason,  the  total  area  of 
the  radial  flues  should  be  less  than  the  section  of  the  main  stack 
flue.  The  sizing  of  those  openings  into  the  radial  flues  can  be 
done  experimentally.  What  is  desired  is  an  equal  air  velocitj" 
through  each  and  every  one.  If  a  draft  be  produced  in  the  kiln 
by  heating  the  air  column  in  the  stack,  the  velocity  of  the  air 
movement  in  the  flues  can  be  measured  by  an  anemometer  and 
the  openings  so  proportioned  that  the  draft  will  be  the  same  in 
each,  whatever  its  location. 
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The  above  outlined  arrangement  can  be  made  to  give  very 
excellent  results  and  is  detailed  only  as  an  example  of  many 
equally  successful  designs.  Some  others  are  more  or  less  in- 
volved in  plan  but  meet  success  only  in  the  degree  to  which  they 
fulfil  the  conditions  of  an  equalized  draft.  Some  special  types 
will  be  described  in  the  discussion  of  individual  plants. 

While  it  is  essential  that  the  kiln  be  so  constructed  as  to  insure 
a  uniform  draft,  such  construction  does  not  necessarily  guaran- 
tee a  perfect  draft  when  the  kiln  is  full  of  ware  and  on  fire.  The 
setting  of  the  ware  has  a  great  deal  to  do  with  the  draft.  A  per- 
fect draft  in  an  empty  kiln  may  be  very  far  from  such  when 
the  kiln  is  stacked  full  of  brick.  In  this  way  a  good  design  may 
be  made  to  give  very  inferior  results.  It  is  also  true  that  a  poor 
construction  can  be  made  to  give  fair  results  by  the  style  of  set- 
ting ;  but  it  is  much  easier  to  adapt  the  setting  to  a  kiln  which  is 
built  on  correct  principles  at  first  than  to  remedy  an  improper 
construction  by  the  same  means.  If  it  is  found  on  drawing  a  kiln 
that  there  have  been  **cold  spots"  in  it,  that  is,  parts  where  the 
ware  is  underbumed,  and  perhaps  in  other  portions  overbumed 
ware,  it  is  a  sign  of  inequality  of  the  draft,  especially  if  these 
areas  are  away  from  the  bag  walls,  where  local  heating  may 
occur  by  proximity  to  the  fires.  Such  defects  may  be  prevented 
by  a  closer  setting  in  the  lines  of  greatest  heat  and  more  open  in 
the  cold  portions. 

But  with  a  uniform  draft  throughout  the  kiln  it  is  very  com- 
monly found  that  the  bottom  ware  is  less  hard  burned  than  the 
top  portions.  This  is  to  be  expected  from  the  fact  that  the  b?ated 
gases  first  come  in  contact  with  the  top  ware  and  must  have 
passed  through  it  before  reaching  that  lower  in  the  kiln.  As  a 
consequence,  it  m)ay  be  stated  as  a  rule  that  the  gases  are  always 
cooler  when  they  reach  the  bottom  than  when  they  entered  th3 
kiln.  The  more  rapidly  they  move  towards  the  outlets,  that  is, 
the  better  the  drafts,  the  farther  will  their  initial  heat  be  carried 
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into  the  ware,  whether  it  be  greater  or  less. than  the  temperature 
of  the  ware  itself.  Tlhe  movement  of  the  gases  in  a  kiln  may 
be  conceived  as  that  of  a  wave  progressing  downwards  through 
the  ware  with,  equal  velocity  in  all  parts  of  the  kiln.  It  will  pro- 
gress thusi  uniformly  until  it  nears  the  kiln  bottom^  Here  it 
must  divide  into  numerous  small  currents,  each  diverging  more 
or  less  from  a  straight  downward  path  in  order  to  pass  out 
through  the  openings  which  convey  them)  into  the  radial  con- 
tributary  flues.  It  is  clear  that  the  number  of  these  flues  nmst 
be  limited,  and  therefore  between  the  openings  into  them  there 
must  be  areas  of  solid  floor  through  which  no  draft  is  possible. 
As  a  result  of  this  splitting,  as  it  were,  of  the  main  draft  wave 
into  many  small  currents,  the  whole  movement  may  be  construed 
as  suffering  somewhat  of  a  check ;  this  check  being  least  in  direct 
line  with  the  draft  ojjenings,  and  greatest  just  above  the  solid 
portions  of  the  floor.  Through  the  ware  situated  in  these  inter- 
mediate positions  the  draft  is  not  vigorou.^,  and  as  a  consequence 
there  is  always  found  underbumed  ware  in  kilns  of  such  con- 
struction. 

It  is  oftentimes  not  objectionable  to  have  a  proportion  of 
underbumed  ware  in  some  lines  of  the  cli^j'  industry,  as  it  is 
fully  as  salable  as  the  hard  burned  produict.  It  may  not  in  such 
instances  be  desirable  to  eliminate  the  ditfieulty  just  described. 
What  is  spoken  of  as  a  false  floor  is  providi?  :l  where  it  is  desired 
to  reduce  the  lose  by  underbuming  to  its  lowest  tenns.  This 
floor  is  sometimes  made  of  the  green  brick  to  be  burned.  The 
lower  courses  are  set  as  openly  as  possible  and  still  afford  a  firm 
support  for  the  ware  above,  and  arranged  so  as  to  furnish  room 
for  a  free  and  unretarded  circulation  of  the  gases  in  it;aching  the 
outlets.  In  this  manner  the  check  which  the  movement  of  the 
gases  suffers  is  less  pronounced  and  the  number  of  underbumed 
brick  is  less  than  where  such  provision  is  not  made. 


TYPES   OF   KILNS.  299 

The  pennanent  false  floor  is  a  part  of  nearly  all  recent  down 
draft  kilns,  especially  those  used  in  burring  vilriiied  wares.  In 
place  of  a  temporary  construction  of  green  brick,  which  mlist  of 
necessity  be  removed  and  re-set  with  each  bum,  the  floor  is  made 
an  essential  part  of  the  ijermanent  construction  of  the  kiln.  It 
is  built  of  fire  brick  and  so  supported  with  open  brickwork  as 
to  leave  ample  space  below  it  in  which,  the  gases  may  circulate 
unimpeded  in  finding  their  way  to  the  flues.  The  brick  of  the 
flcor  itself  are  usually  of  some  special  design,  their  shape  being 
sueh  as  to  permit  the  freest  possible  escape  of  the  gasses  through 
them  and  yet  possess  the  requisite  strength.  The  false,  or,  as  it 
is  commonly  called,  checker  floor  construction,  allows  the  unre- 
tarded  jyassage  of  the  draft  completely  through  the  ware  with 
equal  facility  at  all  points  into  the  open  space  below  the  floor, 
where  it  is  at  liberty  to  seek  out  the  most  convenient  avenue  to 
the  stack.  The  ware  is  thus  brought  to  a  substantially  unifonn 
temperature  to  the  bottom  of  the  kiln.  All  the  false  work  of  the 
floor  is  therefore  heated  to  the  highest  temperature  of  burning, 
and  is  thus  the  source  of  a  loss  of  heat  which  does  not  exist  where 
the  false  floor  is  built  of  green  ware.  The  continuous  flow  of 
gases,  which  is  facilitated  by  the  use  of  the  checker  floor,  is  an 
important  factor  in  burning  those  classc:^  of  ware  in  which  flash- 
ing is  detrimental.  The  false  floor  is  thus  a  desirable  accessory 
in  the  kilns  of  the  paving  brick  and  sewer  pipe  industries  and 
is  also  desirable  in  the  manufacture  of  front  brick,  although  in 
the  latter  a  good  flashed  product  is  often  sought  after.  While 
in  a  kiln  equipped  with  the  checker  floor,  flashing  is  less  apt  to 
occur  uncontrolled  by  the  operator,  it  is  no  lesS  difficult  to  obtain 
flash  effects  in  a  kiln  of  this  design  than  where  the  false  floor  is 
absent.  All  glazed  wares  can  likewise  be  more  successfully 
burned  in  kilns  provided  with  the  false  floor. 

The  force  of  the  draft  through  a  chimney  depends  on  the  dif- 
ference in  weight  between  the  column  of  hot  gases  within  the 
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cliiinney  and  that  of  a  similar  eolunm  of  tlie  atmosphere  outside. 
This  difference  in  weight,  or  pressure,  is  due  mostly  to  the  differ- 
ence in  temperature,  being  influenced  also  by  the  humidity  of  the 
air  in  question.  From  this  it  appears  tliat  chimney  drafts  may 
vary  not  only  because  of  difference  in  temperature  but  according 
to  the  composition  of  the  gases  themselves  and  the  condition  of  the 
weather.  This  difference  in  weight  may  be  calculated  as  fol- 
lows. If  D  is  the  density  of  the  air,  d  of  the  chimney  gas,  in 
jjounds  per  cubic  foot,  h  the  height  of  the  chimney  in  feet,  and 
.192  the  factor  of  relation  between  the  pressure  in  pounds  per 
square  foot  and  inches  of  water  gauge,  the  expression  for  the 
force  of  draft  in  inches  of  water  is. 

P=  .192h(D— d). 

The  densities  vary  as  the  absolute  temperatures,  D  and  d  hav- 

to  u 

ing  values,  D  =----  .0807 — ;  d  ^^  .084 — .    t'  is  absolute  tempera- 

t.  ti 

ture  at  32°  F.  or  493.  t, ,  absolute  temperature  of  the  flue  gases 
and  t,  of  the  atmosphere.  Making  these  substitutions,  the  first 
expression  becomes, 

p=.i92h(i^-.iLiiy* 

This  difference  in  weight  may  be  measured  directly  by  a  draft 
gauge.  The  common  type  of  gauge  consists  of  a  U-tube  partially 
filled  with  water,  one  part  of  which  connects  by  a  tube  to  the 
inside  of  the  chimney  and  the  other  is  left  open  to  the  air.  Both 
arms  of  the  gauge  may  be  graduated  so  the  difference  in  height 
in  the  two  parts  is  read  directly  in  inches  of  water.  This  device 
is  applicable  for  making  similar  measurements  in  the  control  of 
ventilating  currents  in  mines  and  tunnels  as  well  as  for  the  con- 
trol of  draft  in  many  of  the  metallurgical  industries.  An  instru- 
ment devised  more  especially  for  use  in  the  ceramic  industries 
isnileeting  with  much  favor  among  many  pottery  establishments. 
This  so-called  draft-meter  consists  of  a  small  hennetically  sealed 

•EenVs  Mechanical  B  igineer's  Pocket  book,  5th  Ed.  p.  782. 
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box  of  sheet  metal  which  is  filled  with  a  liquid.  To  this  box  is 
connected  a  graduated  glass  tube  on  which  can  be  observed  the 
height  of  the  liquid  in  the  box.  The  instrument  is  connected  with 
the  chimney  by  a  tube  leading  from  the  top  and  joining  with  a 
metal  tube  opening  into  the  interior  of  the  stack.  The  fluctuations 
of  the  draft  are  registered  by  the  movement  of  the  liquid  in  the 
glass  tube.  Satisfactorj'^  use  requires  arrangements  for  accur- 
ate leveling.  The  instrument  is  inexpensive  and  affords  a  posi- 
tive means  of  draft  control  which  is  otherwise  imj>ossible.  By 
its  use  the  kiln  can  be  adjusted  to  atmospheric  changes  whose 
influence  without  it  can  be  little  miore  than  vaguely  guessed  at  by 
the  burner.  The  draft-meter  is  believed  to  be  a  valuable  acces- 
sory in  the  burning  of  all  classes  of  clay  goods. 

The  amount  of  draft  found  to  exist  in  kilns  is  represented  by 
from  one-fourth  to  three- fourths  of  an  inch  of  water.  The  energy 
which  produces  this  draft  is  the  heat  which  the  gases  contain 
when  they  reach  the  chimney.  The  hotter  the  gases  the  stronger 
the  draft.  In  starting  a  bum  it  sometimes  occurs  that  the  tem- 
perature of  the  gases  when  the  stack  is  reached  is  so  low  that 
movement  ceases  and  in  extreme  cases  is  even  reversed  in  direc- 
tion. It  is  therefore  important  not  only  that  the  condition  of  tlie 
draft  be  known,  as  shown  by  a  draft  gauge,  but  that  means  of 
control  be  at  hand  such  that  a  weak  draft  may  be  strengthened  or 
one  that  has  failed  be  restored. 

The  original  construction  of  the  kiln  with  the  flues  and  stack 
correctly  proportioned  to  each  other  is  first  of  all  essential.  The 
stack  is  the  real  draft  producer.  It  is  built  of  brick  or  sheet  iron. 
Tlie  former  is  more  expensive  but  in  general  gives  better  satis- 
faction. The  thin  and  readily  conducting  shell  of  a  sheet  iron 
stack  dissipates  heat  very  rapidly  by  radiation.  A  sheet  iron 
stack  lined  with  fire  brick  to  prevent  radiation  makes  perhaps 
the  most  substantial  and  serviceable  stack  although  at  the  same 
time  the  most  expensive,    The  crossi  s^tiou  of  the  stack  should 
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decrease  towards  tlie  top.  It  is  found  that  this  will  largely  pre- 
vent counter  currents  from  flowing  in  at  the  top  which  are  a 
source  of  greater  or  less  difficulty  in  straight  stacks.  The  taper- 
ing- construction  does  this  by  gradually  increasing  the  velocity 
of  the  gases  as  they  near  the  outlet  by  forcing  the  same  volume 
throuigh  a  space  with  a  constantly  decreasing  cross  section.  The 
size  and  height  of  the  stack  should  always  be  such  that  the  full 
capacity  will  seldom  be  called  into  use.  That  is,  it  should  pos- 
sess a  reserve  force  which  under  average  working  conditions  is 
held  in  check  by  the  damper  but  which  can  be  made  eflfeotive 
when  emergency  demands. 

The  natural  tendency  of  the  air  and  fire  gases  as  their  temper- 
ature is  raised  and  they  expand  is  to  rise.  In  all  up  draft  kilns 
this  tendency  is  satisfied  by  the  ready  escape  to  the  stack,  the 
movement  being  always  in  an  upward  direction.  In  the  down 
draft  kiln  the  gases  mlust  first  move  downwards  through  a  mass 
of  ware  before  they  can  reach  the  stack.  They  must  move  con- 
trary to  their  natural  tendency  and  apparently  in  opposition  to 
gravity.  The  principle  may  be  compared  to  that  of  the  siphon. 
In  the  latter  a  fluid  heavier  than  air  moves  against  the  direction 
of  gravity  for  a  short  distance  in  order  to  pass  to  a  lower  level. 
In  the  down  draft  kiln  a  fluid  ligliter  than  air  first  moves  down- 
ward in  order  to  reach  the  base  of  the  stack  through  which  it  is 
free  to  seek  a  higher  level.  To  start  a  flow  of  water  through  the 
siphon  it  is  necessary  only  to  initiate  the  movement  of  a  column 
of  greater  length  downwards  than  the  distance  which  the  water 
is  to  move  in-  the  opposite  direction.  The  greater  the  diflference 
between  these  two  distances  the  stronger  is  the  flow;  and  the 
shorter  the  distance  the  water  must  move  against  the  direction  of 
gravity  before  it  starts  downwards  the  more  easily  is  the  flow 
started  and  maintained.  The  same  principles  mlay  be  applied 
to  the  action  of  gases  in  a  down  draft  kiln.  The  stack  is 
the    portion    of    the    siphon    that    propels    the    flow.      The 
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greater  its  capacity  tlie  stronger  will  be  the  flow  after  it  is  once 
started ;  and  the  shorter  the  distance  the  gases  are  compelled  to 
move  downwards  and  laterally  before  reaching  the  stack  the 
more  readily  is  the  draft  started. 

The  practical  application  of  the  above  oomiparison  is  plain. 
When  the  gases  from  the  fires  first  begin  to  pour  into  a  down 
draft  kiln  they  tend  to  accumulate  in  the  crown  since  they  are 
lighter  than  the  cold  air  already  filling  the  kiln.  Since  they 
cannot  escape  upwards  their  expansion  gains  relief  downwards 
by  forcing  some  of  the  heavier  cold  air  out  at  the  bottom.  The 
Warm  air  slowly  progresses  downward  until  it  fills  the  kiln, 
that  which  preceded  it  having  passed  out  into  the  stack.  Hot 
gas  from  the  fires  continually  .forces  out  through  the  stack  the 
cooler  air  in  the  bottom  of  the  kiln  and  a  draft -is  gradually  estab- 
lished. The  shorter  the  distance  which  the  air  must  travel  down- 
wards the  sooner  a  draft  is  set  up.  It  is  of  course  necessary  for 
the  gases  to  travel  the  height  of  the  kiln  chamber.  But  the 
shorter  the  distance  beyond  this  that  they  are  required  to  go  the 
better.  The  construction  of  deep  flues  is  therefore  to  be  avoided. 
The  shallower  the  flues  are  and  still  furnish  the  required  cross 
section  area  the  miore  favorable  will  they  be  to  freedom  of  draft. 
That  is,  the  sooner  the  gases  can  be  conveyed  to  the  chimney 
after  they  have  passed  through  the  ware  the  more  eflScient  doe? 
the  draft  system*  become.  This  rule  involves  not  only  the  avoid- 
ance of  deiep  flues  but  also  the  reduction  of  the  distance  through 
which  the  gases  are  to  be  carried  laterally  the  greatest  possible 
amount.  The  upward  movement  of  the  gases  in  the  stack  has 
alone  to  do  with  producing  the  draft  Movement  laterally  in- 
creases the  friction,  hence  retards  the  draft  The  closer  the  stack 
is  to  the  kiln^  therefore,  the  greater  the  extent  to  which  this  diffi- 
culty is  avoided. 

In  connection  with  the  construction  of  kiln  flues  a  precaution 
which  is  very  frequently  neglected  is  the  insulation  of  the  flues 
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from  the  surrounding  damp  soil.  The  amount  of  heat  used  in 
the  absorption  of  water  from  this  source  by  the  hot  gases  where 
the  flues  are  unprotected  hatS  been  estimated  as  equivalent  to 
from  4  to  10  tons  of  coal  during  a  single  bum.  The  importance 
of  such  a  loss  as  this  is  obvious.  It  can  be  largely  obviated  by 
carefully  walling,  arching  and  flooring  the  flues  with  brick  and 
an  impervious  mortar  or,  entirely  done  away  with  by  founding 
the  whole  kiln  upon  a  concrete  base  from  one  foot  to  three  feet 
thick. 

In  many  instances,  two  or  four  kilns  are  so  located  that  one 
large  stack  will  serve  them  all.  It  is  customary  to  partition  the 
stack  flue  according  to  the  number  of  kilns  attached  to  it.  The 
partitions  ordinarily  run  only  a  fraction  of  the  length  of  the 
stack.  Where  this  is  done,  the  single  stack  serves  the  purpose 
of  so  many  separate  stacks  and  is  thus  a  saving  from  the  stand- 
point of  expense  of  constniction.  By  partitioning  the  stack  but 
part  of  the  way  to  the  top,  the  draft  from  one  kiln  will  often  aid 
in  starting  and  maintaining  that  of  another  by  the  union  of  the 
separate  flues  into  one  above  the  partitions;  for  it  seldom  hap- 
pens that  all  the  kilns  attached  to  a  stack  are  at  any  given  time 
running  at  the  same  stage  of  a  burn. 

Besides  the  proper  construction  of  the  various  parts  of  the 
kiln  so  that  its  operation  may  be  under  accurate  control,  there 
must  be  provided  mjeans  for  this  control.  The  flow  of  the  draft  is 
controlled  by  dampers.  These  are  of  two  chief  types,  slide  and 
valve  danui^ers.  The  fonrnar  are  tlie  more  common.  Slidfe 
dampers  are  operated  either  horizontally  or  vertically.  When 
in  horizontal  position  they  are  in  the  stack;  when  vertical,  usu- 
ally at  the  base  of  the  stack  in  the  main  flue.  Both  are  quite  gen- 
erally made  of  heavy  sheet  iron  and  operated  by  hand. 

An  improvement  over  eheet  iron  is  the  fire  clay  damper.  A 
substantial  construction  for  the  latter  is  the  use  of  fire  clay  tiles 
fitting  into  an  iron  frame,    This  makes  a  heavier  damlper  but  for 
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that  very  reason  can  be  made  to  work  more  securely.  In  vertical 
position  they  are  nicely  operated  by  means  of  a  counterpoise 
weight  A  further  advantage  over  sheet  iron  is  freedom  from 
the  effects  of  the  action  of  the  hot  gases  which  corrode  and  warp 
the  iron  in  a  short  time.  The  long  life  of  the  clay  damper  there- 
fore commends  its  use.  The  value  of  any  damper  depends  on  its 
ability  to  fully  control  the  flue  which  it  is  designed  to  fit  In 
order  to  do  this  no  leaks  should  be  allowed  and  when  closed  the 
damper  should  cut  off  completely  all  draft.  This  is  very  coni- 
mfonly  not  the  case,  especially  with  many  of  the  vertical  dampers 
in  use.  The  matter  can  only  be  perfectly  adjusted  by  making  the 
damper  several  inches  wider  than  the  flue  and  so  that  it  will 
work  in  a  notch  in  the  flue  walls.  If  it  be  a  vertical  one,  a  de- 
pression at  the  bottom  partly  filled  with  any  finely  ground  re- 
fractory material,  fine  sand  for  instance,  in  which  the  damper 
may  imbed  itself  is  a  great  advantage.  In  general  the  horizontal 
damper  is  a  more  perfect  contrivance  as  it  tends  by  its  own 
weight  to  prevent  leakage  of  the  flue  gases  around  it.  It  is,  how- 
ever, when  poorly  constructed,  fully  as  apt  to  allow  cold  air  to 
pass  in  above  it  as  is  the  vertical  type,  although  at  the  same  time 
the  latter  is  more  easily  operated. 

There  are  two  types  of  valve  dampers,  the  hinged  and  the  bell. 
The  formier  may  be  again  separated  into  those  that  hinge  from 
the  side  and  those  that  are  hinged  at  the  center.  The  last  of 
these  is  exemplified  in  the  ordinary  stove  pipe  damper.  It  is 
easily  operated  but  cannot  be  made  to  work  well  with  sooty  or 
tarry  gases.  The  side-hinged  diamper  is  convenient  for  eon- 
trolling  the  draft  in  stacks  the  tops  of  which  are  accessible  in 
case  the  damper  gets  out  of  order.  It  consists  of  a  heavy  iron 
plate  or  casting,  or  it  may  be  built  of  fire  clay,  hinged  at  one  side 
of  the  top  of  the  stack.  To  it  is  attached  a  lever  arm  which  is 
operated  by  a  wire  or  chain  from  below.  This  is  a  very  eflScient 
damper  and  can  be  used  on  any  of  the  lower  kiln  stacks.    The 
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bell  damper  is  centrally  suspended  from  above  from  one  end  of 
a  lever  which  may  be  weighted  at  the  other  so  as  to  nearly  coun- 
terbalance the  weight  of  the  damper.  The  dam*per  is  conven- 
iently located  at  the  base  of  the  stack  by  provision  in  the  con- 
struction so  that  the  turn  from  the  horizontal  flue  to  the  vertical 
stack  is  made  by  a  step  instead  of  a  single  right  angle.  By  fitting 
the  edges  of  the  damper  into  slots  filled  with  sand  it  can  be  made 
to  absolutely  cut  off  all  draft  when  lowered  into  place.  In  this 
regard  it  is  one  of  the  most  perfect  dampers  in  use. 

The  number  of  stacks  on  round  kilns  varies  from  one  to  as 
many  as  there  are  fire  holes.  There  appears  no  question  but  that 
the  draft  can  be  more  easily  regulated  if  concentrated  in  one 
stack  which  may  be  controlled  by  a  single  damper.  The  matter 
of  the  distribution  of  the  draft  in  different  parts  of  the  kiln  it  is 
attempted  to  accomplish  by  the  use  of  several  stacks.  The  con- 
tention of  those  who  advocate  multiple  stack  kilns  is  that  each 
stack  can  be  made  to  control  a  definite  portion  of  the  kiln,  which 
can  therefore  have  its  draft  increased  or  diminished  at  will  with- 
out reference  to  adjacent  kiln  space.  It  is  evident  that  this  can- 
not be  fully  realized  unless  the  area  which  is  to  draw  to  a  stack 
be  partitioned  from  surrounding  sp«ce,  when  it  will  of  course 
operate  as  a  single  small  kiln.  As  has  been  shown,  the  draft 
will  always  set  towards  and  follow  the  line  of  greatest  heat  in  the 
kiln.  The  kiln  chamber  may  be  considered  as  a  vessel  filled  with 
a  mobile  fluid  which  responds  to  the  action  of  gravity  as  do  fluids 
with  which  we  are  more  familiar.  When  a  flow  is  set  up  through 
air  outlet,  there  is  not  only  a  tendency  for  the  gases  to  rush 
towards  this  outlet  but  the  raising  of  the  temperature  by  this 
act  tends  to  confirm  the  movemient  in  the  given  direction.  To  di- 
vert the  draft  it  is  necessary  to  close  the  damper  when  the  gases 
will  seek  the  next  ready  avenue  of  escape.  A  multiple  stack  kiln 
is,  therefore,  a  complicated  arrangement  to  control.  It  is  clear 
that  each  and  every  stack  will  have  a  uniform  draft  only  when. 
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the  heat  is  the  same  in  every  part  of  the  kiln,  which  is  difficult 
of  attainment.  The  conditions  of  draft  are  often  so  badly  over- 
balanced that  the  direction  of  movement  is  reversed  in  one  stack, 
the  air  flowing  down,  through  the  kiln  bottom,  and  up  and  out 
some  other  stack.  Aside  from  the  difficulty  of  good  control  the 
cost  of  construction  is  greater  for  numjerousi  small  chimneys  than 
for  one  large  one  to  do  the  same  work. 

Tha  following  points  may  be  noted  as  important  in  the  con- 
struction of  round  down  draft  kilns  for  burning  the  commoner 
grades  of  ware. 

For  burning  brick,  wthioh  are  of  necessity  closely  set  and  thus 
tend  to  restrict  the  draft,  kiln  diamieters  range  from'  20  feet  to  30 
and  even  more,  the  less  the  better  the  draft  distribution.  For 
wares  such  as  drain  tile  and  sewer  pipe,  diaoneters  as  high  as  34 
to  36  fieet  are  found,  although  the  lower  should!  perhaps  represent 
the  maximum  in  most  instances  for  economical  burning. 

The  height  of  the  kiln  should  be  made  to  exceed  very  little  the 
height  of  the  ware  stacked  in  it  Brick  are  set  f romj  twenty-five 
to  thirty-five  courses  high.  Six  feet  is  perhaps  an  average  dis- 
tance from  the  floor  to  the  spring  of  the  arch ;  the  arch  having  a 
riste  of  four  to  six  feet  depending,  on  the  diameter  of  the  kiln. 

The  fire  holes  are  best  set  from  two  to  three  feet  below  the 
level  of  the  kiln  floor.  By  so  doing  the  radiation  from  the  base 
of  the  bag  walls  becomes  effective  in  heating  ware  near  the  kiln 
floor.  This  is  the  cool  part  of  the  kiln  and  where  the  fire  holes 
are  placed  on  a  level  with  the  floor,  radiation  is  of  little  import- 
ance except  from  the  upper  half  of  the  bag  wall.  It  is  usually 
better  to  sink  the  fire  holes  beneath  the  ground  level  than  to  raise 
the  kiln  floor  above  it;  surrounding  the  kiln  with  a  trench  in 
which  the  firing  is  done.  The  trench  is  preferably  paved  with 
brick  and  good  drainage  should  be  provided  for.  This  arrange- 
ment also  helps  to  do  away  with  the  effects  of  the  absorption  of 
ground  moisture. 
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The  number  of  fire  holes  ranges  from  eight  to  twelve,  accord- 
ing to  the  diameters  given  abova  In  general,  the  number  of 
fire  holes  is  about  one-third  of  the  diameter  of  the  kiln  in  feet. 

The  type  of  fire  place  will  depend  on  the  ware  to  be  burned 
and  the  character  of  the  fuel  used.  This  topic  has  been  discussed 
on  an  earlier  paga 

The  stack  is  placed  close  to  the  kiln  and  the  flue  connections 
should  be  as  shallow  as  possible.  There  are  some  advantages  in 
locating  the  stack  in  the  center  of  the  kiln.  In  this  position  a 
draft  is  more  quickly  started  as  the  stack  is  heated  as  soon  as  the 
fires  are  lighted.  Of  course  there  are  no  horizontal  flues,  the 
radial  flues  opening  directly  into  the  stack.  Because  the  stack 
is  kept  highly  heated  it  is  more  effective  and  hence  its  dimensions 
will  not  need  to  be  so  great  The  principal  objections  to  the  cen- 
ter stack  ane  the  kiln  space  which  it  occupies  and  the  cost  of  con- 
struction. The  space  taken  by  it,  which  would  otherwise  be  filled 
with  ware,  will  be  found  to  be  a  very  small  proportion  of  the 
whole  and  its  position  will  seldom  be  an  important  obstacle  in 
setting  or  drawing  the  ware.  The  stack  must  be  made  of  fire 
brick  and  mnist  have  a  solid  foundation  as  it  is  subjected  to  the 
intensest  heat  of  the  kiln.  These  objections  will,  it  is  balieved,  be 
far  outweighed  by  the  advantages  in  the  saving  of  fuel  and  the 
facility  of  operation  with  a  kiln  of  this  design. 

The  radial  flues  are  to  be  recommended,  in  number  generally 
one  for  each  fire  hole ;  in  size  and  openings  proportioned  as  des- 
cribed in  an  earlier  paragraph.  A  connecting  circular  flue  is 
sometimes  of  advantage. 

The  merits  of  the  different  styles  of  dampers  are  considered 
on  a  preceding  page.  For  an  outside  stack,  either  the  horizontal 
or  vertical  slide  dampers  can  be  made  to  give  eflScient  service  if 
properly  constructed.  The  ^ide-hinged  valve  damper  is  also  an 
excellent  means  of  control.  With  the  eentfer  stack  the  latter  is 
the  only  kind  that  is  applicable.    Since  the  draft  is  always  more 
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vigorous  in  a  center  than  in  an  outside  stack,  the  diamper  that  is 
used  must  afTord  a  means  of  accurate  and  complete  regulation. 
The  hinge  damper  can  be  well  adapted  in  this  instance. 

Rectangular  Down  Draft  Kiln:  The  haindling  of  the  output  of 
large  brick  plants  requires  that  space  be  economized  in  every 
po^ble  way.  The  distance  which  the  brick  are  transferred  from 
dryer  to  kiln  and  from  kiln  to  car  mu&t  be  reduced  to  the  min- 
imum.   The  round  diown  draft  kiln  holds  from'  30  to  60M.  brick, 
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while  an  average  rectangular  kiln  contains  150  to  200M.  brick. 
To  bum  this  number  in  round  kilns  would  require  several  times 
the  amount  of  space  and  would  entail  a  much,  larger  expenditure 
in  tie  construction  of  the  kilns,  than  to  bum  the  same  number  in 
one  kiln.  The  rectangular  kiln  is  therefore  an  economizer  of 
space  and,  while  not  ordinarily  as  susceptible  a  contrivance  to 
delicate  regulation  in  burning,  is  widely  used  and  is  eminently 
successful. 
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Rectangular  kilns  are  built  from  15  to  20  feet  in  width  and  as 
long  as  100  feet.  In  this  style  of  construction,  it  is  evident  that 
the  conditions  which  have  to  be  met  in  controlling  the  dtaft  are 
somewhat  different  than  in  the  round  kiln.  The  general  prin- 
ciples of  draft  movement  discussed  under  the  latter  head  will, 
however,  apply  equally  well  to  the  rectangular  kiln.  In  particu- 
lars of  construction,  namely,  kinds  of  fire  place,  use  of  false  floor, 
height  of  kiln  and!  relation  between  the  levels  of  kiln  floor  and  fire 
holes,  the  same  rules  will  likewise  hold  good  for  the  rectangular 
kiln. 

The  stack  which  controls  the  rectangular  down  draft  kiln  is 
located  at  one  end  or  at  the  side.  With  the  end  stack  it  has  been 
found  impossible  to  obtain  good  draft  regulation  over  all  parts 
of  the  kiln  unless  the  principles  of  flue  arrangement  described 
in  the  preceding  section  are  put  into  effect.  A  single  open  flue 
through  the  center  of  the  kiln  is  not  sufficient  This  flue  must  be 
covered  and  lateral  flues  opening  into  this  center  one  constructed. 
The  openings  from  the  kiln  chamber  into  both  central  and  lateral 
flues  should  be  proportioned  in  relative  size  according  to  their 
distances  from  the  stack,  and  in  total  area  according  to  the  cross 
section  of  the  stack.  In  general,  these  openings  should  in  any 
portion  of  the  kiln  decrease  in  size  from  the  sidee  towards  the 
center ;  and  be  made  gradually  smaller  towards  the  stack  end  of 
the  kiln.  Their  total  area  should  be  less  than  the  area  of  the 
stack  so  that  an  equal  force  of  draft  will  be  kept  up  in  each  one 
of  the  flues. 

A  common  way  of  operating  the  rectangular  kiln  with  an  end 
stack  is  to  divide  the  flue  system  into  two  parts.  The  main  flue 
is  divided  by  eitlier  a  horizontal  or  a  v)ertical  partition  to  the  base 
of  the  stack.  Each  part  of  this  flue  controls  a  definite  portion  of 
the  kiln.  Dampers  in  these  divided  flues  may  be  operated  so  as 
to  change  or  cut  off  entirely  the  draft  from  one  section  of  the 
kiln,  the  whole  strength  of  the  stack  in  the  last  instance  drawing 


TYPES   OF   KILNS. 


311 


on  one  port  of  the  kiln  only.  This  arrangement  amounts  to  the 
use  of  two  stacks  each  controlling  a  definite  proportion  of  kiln 
space  and  is  not  usually  as  satisfactory-  as  the  graduated  flue 
system. 

The  side  stack  generally  affords  a  better  control  of  the  kiln. 
The  flue  system'  is  usually  divided  into  three  sections,  separate 
flues  leading  to  the  stack  from  each.    By  dampering  each  flue  the 
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flow  of  gases  fromi  any  fraction  of  the  kiln  can  be  regulated. 
Such  a  flue  arrangement  combined  with  a  proper  floor  construc- 
tion can  be  made  to  give  excellent  results.  Two  stacks  are  also 
used  witli,  the  rectangular  kiln.  They  are  usually  situated  at  the 
sides  and  each  controls  a  share  of  the  kiln.  By  a  central  divid- 
ing pajtition  in  tiie  main  flue  ffood  work  has  been  accomplished 
in  the  two  stack  kiln. 
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Multiple  stack  kilns  are  very  widely  used.  The  use  of  many 
stacks  necessitates  the  division  of  the  flue  system  into  as  many 
parts  as  there  are  separate  stacks.  Each  stack  thus  controls  a 
small  system  of  its  own  which  is  separated  fromj  the  others  by 
solid  partition  walls  and  which  may  be  operated  with  a  greater 
or  less  degree  of  independence  from  all  tlie  others.  It  has  been 
found,  however,  that  unless  there  are  combined  in  the  construc- 
tion the  proper  relation  between  the  size  of  stack  and  flues,  and 
the  correct  distribution  of  the  inlets  into  the  flues  from  the  kiln 
chamber,  as  already  described,  that  even  bums  are  as  diflScult  to 
realize  as  in  any  other  class  of  kiln.  These  conditions  are  not 
fulfilled  in  many  of  the  multiple  stack  kilns  on  the  market. 
Kilns  that  are  up  to  the  requirements  in  these  respects  give  ex- 
cellent results  and  many  bumerg  testify  to  the  evenness  of  bum 
it  is  possible  to  secure. 

As  stated  under  the  consideration  of  round  down  draft  kilns, 
the  use  of  many  stacks  is  seldomi  necessary.  The  cost  of  con- 
struction and  maintenance  is  usually  great.  The  amount  of  care 
in  burning  where  there  are  so  many  stacks  to  look  after,  is  much 
greater  than  with  a  single  stack  kiln  and  the  damage  coming 
from  neglect  is  fully  as  large.  While  it  is  undisputed  that  as 
perfect  work  can  be  accomplished  in  multiple  stack  kilns  as  in 
other  tj^pes,  the  idea  of  dividing  among  many,  work  that  can  be 
equally  well  done  by  a  few  or  even  a  single  stack  is  scarcely  to 
be  approved. 

As  in  the  case  of  the  round  kiln,  a  center  stack  construction 

appears  to  have  advantages  in  its  favor.    The  number  of  stacks 

needed  would  depend  on  the  length  of  the  kiln.    A  short  kiln 

could  be  operated  by  a  single  stack,  while  two,  three  or  more, 
would  be  needed  in  longer  kilns.     Each  stack  could  control  a 

space  about  equal  to  the  ordinary  round  kiln;  the  radial  flues 

and  inlets  being  proportioned  and  arranged  as  in  the  round  down 

draft  kiln.    In  the  rectangular  kiln  this  arrangement  would  pre- 
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sent  the  same  advantages  of  rapid  and  uniform  heating  and  gen- 
eral economy  as  does  the  center  stack  in  the  round  kiln.  The 
sacrifice  of  kiln  space  is  small  in  comparison  with  the  saving 
from  other  sources. 

The  Muffle  Down  Draft  KUni  The  necessity  of  a  muffle  kiln 
arises  in  the  manufacture  of  classes  of  clay  goods  that  cannot  be 
burned  in  contact  with  the  fire  gases.  Various  lines  of  pottery, 
terra  cotta,  glazed  brick,  wall  and  floor  tile  and  other  wares  that 
are  apt  to  suflfer  f lom  flashing,  reduction  or  sulfur  discoloration^ 
must  be  burned  in  muffle  kilns.  In  the  manufacture  of  wares 
such  as  wall  tiles  and  certain  grades  of  pottery  in  which  the  in- 
dividual pieces  are  small,  the  effect  of  a  muffle  is  secured  by 
enclosing  them  in  saggers.  Saggers  are  simply  small  vessels  of 
resistant  fire  clay  in  which  the  ware  is  tightly  sealed  or  ** luted'' 
with  mfoist  clay.  They  are  stacked  in  the  kiln,  just  as  pieces  of 
ware  would  be,  in  such  positions  that  the  kiln  atmosphere  may 
circulate  freely  among  them.  Although  not  to  be  called  a  muffle 
kiln,  this  method  accomplishes  the  work  of  a  muffle  with  a  less 
expenditure  of  heat 

The  typical  miuffle  kiln,  instead  of  bl?ing  made  up  of  many 
small  vessels  or  chambers  that  are  drawn  and  set  each  time  with 
the  ware,  consists  of  an  enclosing  chamber  permlanently  built  on 
the  inside  of  the  kiln  proper.  Inside  of  this  chamber  the  ware 
to  be  burned  is  set  and  the  whole  then  hermetically  sealed,  or  as 
nearly  hermetically  as  can  be  done  with  fire  clay  mortar.  Be- 
tween the  ware  and  the  hot  gases  is  always  an  impervious  wall 
through  which  the  heat  must  penetrate  before  it  can  affect  the 
clay  inside.  The  heating  is  done  very  largely  by  radiation  and 
conduction  from  the  inside  of  the  enclosing  wall  by  the  energy  that 
has  been  conducted  through  the  brick  and  clay  of  this  wall. 
The  principal  means  of  transferring  heat  in*  ordinary  kilns, 
namely,  convection,  is  therefore  eliminated.  It  is  apparent  that 
the  waste  of  heat  in  this  tj^pe  of  kiln  is  enormous.    It  can  be 
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employed  only  where  the  value  of  the  ware  produced  will  war- 
rant such  wasteful  processes  of  manufacture. 

The  essential  parts  of  a  down  draft  mufSe  kiln  are,  an  outer 
shell  similar  in  all  respects  to  the  down  draft  kiln ;  and  an  inner 
sealed  chamber  with  space  left  between  the  two  for  circulation 
of  the  kiln  atmosphere.  An  improved  construction  provides  a 
center  opening  down  which  the  gases  pass  into  a  well  beneath 
the  floor.  Froml  this  well  the  gases  are  distributed  thro'ugh  radial 
flues  to  as  many  exhaust  stacks.  The  object  to  be  attained  is  to 
keep  the  gases  in  contact  the  longest  time  with  the  largest  possi- 
be  amount  of  muffle  surface  for  the  space  within.  The  width 
of  the  muffle  chamber  cannot  economically  be  great  as  it  is  diffi- 
cult to  attain  a  uniform'  temperature  in  a  large  space  where  little 
or  no  movement  of  the  air  is  possible. 

THE  CONTINUOUS  KILN. 

It  has  been  shown  under  the  general  consideration  of  the  ap- 
plication of  heat  to  the  burning  of  clays  that  the  principal 
sources  of  loss  of  the  heat  units  generated  by  the  combustion  of 
fuel  are,  the  sensible  heat  of  the  waste  gases  and  radiation.  That 
portion  of  the  heat  that  is  actually  effective  in  bringing  about 
chemical  changes  in  the  clay  is  but  a  very  small  fraction  of  the 
available  h^at  set  free  by  the  burning  of  the  fuel.  The  remainder 
and  larger  part  is  thus  dissipated  into  the  atmosphere  by  the 
waste  gases  and  radiated  through  the  walls  of  the  kiln.  The 
latter  loss  can  be  reduced  by  adopting  protective  methods  of 
constructing  the  kiln  walls  or  by  placing  the  kilns  in  the  dryer 
building  and  utilizing  this  heat  for  drying  and  this  can  be  done 
as  well  with  one  type  of  kiln  as  another. 

In  a  periodic  kiln  the  gases  are  necessarily  taken  out  at  the 
temperature  of  the  ware  and  all  the  heat  which  they  lu>ld  is  ab- 
solutely wasted.  Further,  the  heat  which  the  ware  gives  off  in 
cooling  is  likewise  wantonly  thrown  into  the  atmosphere.     The 
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central  idea  in  the  construction  of  the  continuous  kiln  is  the  util- 
ization of  as  much  of  the  heat  of  the  waste  gases  and  of  the  cool- 
ing ware  a®  is  possible.  This  is  accomplished  by  joining  to- 
giether  a  number  of  oomjpartments  so  that  the  gases  of  combustion 
may  be  carried  ahead  of  the  burning  chamber  through  green 
ware  which  will  absorb  mtuch  of  the  heat  that  is  otherwise  turned 
into  the  stack.  The  air  for  combustion  to  reach  the  zone  of 
highest  heat  travels  through  chambers  of  cooling  ware.  In  this 
way,  not  only  is  a  large  amount  of  heat  saved  from*  the  escaping 
gases  but  the  heat  given  off  by  the  cooling  ware  is  also  made 
use  of. 

There  are  several  mak^s  of  continuous  kilns  on  the  market  in 
this  country.  The  essential  principles  of  the  operation  of  all 
are  similar.  They  are  bnilt  circular,  oval  or  rectangular  in  shape 
and  contain  a  varying  number  of  compartments.  Whatever  the 
general  outline  of  the  kiln  as  a  whole,  the  number  of  chambers  is 
sufficient  to  allow  a  space  of  a  few  compartmients  between  the 
rear  and  the  head  of  the  fire  for  removing  the  burnt  and  setting 
the  green  ware.  In  some,  the  compartments  are  separated  by 
brick  walls,  in  others,  no  permanent  partition  walls  are  used.  In 
the  latter  the  size  of  the  chambers  and  the  division  lines  between 
them  are  made  by  paper  or  wood  partitions  which  bum  out  when 
the  temperature  reaches  a  red  heat.  In  some,  the  draft  is  pre- 
vailingly downward,  in  others,  upwardl  In  all,  however,  the 
method  of  burning  consists  of  carrying  the  fire  continuously 
round  through  a  series  of  connected  compartments,  those  in  the 
rear  of  the  hottest  portion  contributing  their  cooling  heat  to  the 
entering  air  and  the  gases  ahead  of  this  zone  of  greatest  heat 
giving  up  their  energy  to  prepare  the  fresh  ware  for  the  advanc- 
ing fire. 

The  limit  to  the  distance  which  the  gases  mjay  be  carried  ahead 
of  the  fire  is  the  point  where  they  approach  saturation.  It  is  ap- 
parent that  in  a  continuous  kiln  there  is  going  on  at  the  same 
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time  all  three  of  the  typical  stages  of  the  burning  process,  dehy- 
dration, oxidation  and  vitrification.  The  gases  as  they  finally 
reach  the  stack  may  therefore  have  a  complex  composition.  They 
may  contain  sulfur  gases  from  the  oxidation  of  sulfur  in  the  coal 
and  from  the  decomposition  of  sulfates  in  the  clay.  They  Avill 
also  contain  water,  both  the  hygroscopic  and  combined  water  of 
the  clay.  It  is  the  presence  of  the  water  that  determines  largely  the 
distaaice  ahead  to  which  the  gatses  can  be  carried  safely.  Their  heat 
is  taken  up  to  a  great  extent  in  the  evaporation  of  moisture  and 
they  become  rapidly  cooler  as  their  humidity  increases.  They 
cannot  economically  be  allowed  to  reach  the  dew  point  as  the  dew 
is  universally  acid  and  its  deposition  would  produce  all  the  dele- 
terious effects  earlier  ascribed  to  an  acid  dew ;  besides  the  proba- 
bility of  softening  the  ware  in  case  of  excessive  deposition.  The 
gases  must  be  turned  into  the  stack  before  their  dew  ix>int  is 
reached  and  while  they  still  possess  a  temperature  suflSciently 
above  that  of  the  atmosphere  to  create  a  draft.  It  is  the  effort 
of  burners  to  approach  this  limit  as  closely  as  possible  without 
overstepping  it.  Practice  has  shown  that  it  is  not  ordinarily  best 
to  cool  the  gases  too  far  but  that  the  kiln  can  be  more  success- 
fully operated  by  turning  them  into  the  chimney  with  suflScient 
energy  still  left  to  produce  a  good  vigorous  draft. 

The  necessity  of  operating  the  continuous  kiln  with  stack  tem- 
peratures so  much  low)>r  than  in  the  periodic  kiln  requires  much 
higher  and  larger  stacks  to  furnish  ample  draft.  This  is  also 
required  by  the  distance  the  gases  have  to  travel,  not  only  through 
oftentimes  devious  flues  but  througli  large  amounts  of  ware 
which  increases  their  friction  greatly.  The  stack  is  very  fre- 
quently located  in  the  center  of  the  kiln,  sometimes  at  the  end. 
It  is  not  found  necessary  in  most  makes  of  this  class  of  kiln  to 
place  the  flues  that  lead  to  tlie  stack  below  the  level  of  the  floor 
of  the  kiln.  The  great  cooling  effect  of  underground  flues  on 
gases  passing  through  them  is  thus  avoided  and  no  heat  is  lost 
by  the  absorption  of  moisture  from  the  soil. 
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In  most  continuous  kilns  the  fuel,  which  is  quite  commonly 
slaxjk  coal,  is  fixed  right  among  the  ware.  It  is  charged  through 
small  openings  in  the  top  of  the  kiln.  The  setting  is  usually  such 
that  the  ooal  is  distributed  from  top  to  bottom;  by  portions  of  it 
lodging  on  the  projecting  brick  of  the  different  courses.  In 
burning  face  brick  and  other  higher  grade  wares  that  would 
suffer  from  contact  with  the  fuel,  furnaces  are  used.  The  fuel  is 
charged  from  above  as  before  but  within  small  compartments 
or  bags  from  which  the  gases  only  pass  among  the  heated  ware. 
It  is  impossible  in  the  continuous  kiln  to  separate  sharply  the  typi- 
cal stages  of  burning.    The  chemical  reactions  characterizing  the 

• 

different  parts  of  a  bum  are  all  going  on  at  once.  Dehydration, 
oxidation  and  vitrification  are  taking  place  in  the  same  kiln  at- 
mosphere. It  is  well  known  that  certain  parts  of  a  bum  can  be 
hurried  while  others  must  be  carried  on  very  slowly.  It  is  there- 
fore frequently  necessary  to  hold  back  one  portion  of  a  continu- 
ous kiln  until  other  parts  are  prepared  for  the  advancing  heat. 
To  avoid  such  trouble  auxiliarj'^  fire  places  are  sometim<es  sup- 
plied in  which  fuel  is  burned  to  heat  up  the  wet  ware  ahead  of 
the  main  fire.  Or,  in  some  instances,  warm  air  is  brought  from 
the  cooling  chambers  and  turned  in  ahead  of  the  fire.  This  is 
only  possible  where  the  ware  will  stand  more  rapid  cooling  than 
the  air  passing  through  it  to  supply  the  fire  will  bring  about. 

The  continuous  kiln  is  not  used  'to  the  same  extent  in  the  United 
States  that  it  is  in  the  European  countries.  Germany  is  the  home 
of  the  continuous  kiln  and  its  use  there  has  reached  a  stage  of 
technical  excellence  which  is  unequaled  in  any  other  country. 
In  Germany  all  classes  of  wares  from  the  common  brick  to  the 
highest  grade  porcelain  are  burned  in  the  continuous  kiln  and 
with  an  econom^y  which  is  unquestioned.  In  this  country  little 
else  than  common  building  brick  have  been  successfully  burned 
in  this  kiln.  Many  trials  have  been  made  to  bum  paving  brick 
but  few  have  been  successful.  The  reasons  for  the  failure  of 
Americans  to  adapt  the  continuous  kiln  to  the  burning  of  the 
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various  lines  of  clay  wares  appear  to  be  several.  In  the  discus- 
sion of  this  topic  at  the  meeting  of  the  American  Ceramic  So- 
ciety in  1901  the  following  points  were  brought  out  bearing  di- 
rectly on  American  continuous  kiln  practice:* 

1.  *  *  The  American  clay  worker  has  not  devoted  himself  to  the 
study  of  the  continuous  kiln  in  its  adaptation  to  American  clays^ ' ' 

2.  **.The  burning  chambers  are  built  too  high  and  too  wide. 
The  best  German  kilns  for  the  finer  wares  have  cham/bers  seven 
feet  wide  by  six  feet  high. ' ' 

3.  **'The  fuel  is  almost  invariably  distributed  among  the  ware 
which  will  not  be  satisfactory  for  anything  except  common 
brick. ' ' 

4.  *  *  The  kiln  is  worked  too  hard.  The  waste  gases  are  drawn 
so  far  through  gieen  ware  that  condensation  and  consequent 
scumming  are  produced." 

5.  **The  almost  invariable  use  of  underground  flues.  They 
produce  a  poor  and  variable  draft. ' ' 

6.  **In  most  instances  the  water  smoke  is  taken  from  the  bot- 
tom of  the  kiln  while  it  is  best  taken  from  the  top." 

7.  ^  *  The  continuous  kiln  should  be  erected  by  engineers  prop- 
erly trained  for  that  work." 

There  appear  to  be  no  logical  reasons  why  the  sarnie  success 
cannot  be  had  with  the  continuous  kiln  in  this  country  that  is 
attained  in  Germany.  But  it  is  only  possible  with  the  exercise 
of  the  same  care  and  precision  in  construction  and  operation. 
Such  an  attainment  will  necessarily  be  slow  but  much  progress 
has  been  made  since  its  introduction  relatively  but  a  short  time 
ago.  From  the  standpoint  of  fuel  economy  the  continuous  kiln 
should  be  more  widely  used  in  the  common  brick  industry  where 
it  has  been  made  to  give  goodi  satisfaction  than  it  is  at  present. 
It  is  believed  to  be  unquestionably  the  coming  kiln  in  this  in- 
dustry and  its  use  cannot  but  extend  to  all  branches  of  clay- 
working  a®  fuel  grows  scarcer,  and  more  rigid  economy  must  be 
practiced. 

•Defects  of  the  Contlnaons  Kiln  of  Today  and  Prospeotlve  Improvements.    Traaaaotlons 
American  Ceramic  Bocietj,  Vol.  Ill,  p.  206. 
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CHAFTEB  V. 

Chemistry  of  Bock  Composition. 

Clay  is  a.  substance  which  we  know  as  a  deposit  which  is  exten- 
sively distributed  over  the  surface  of  the  earth.  It  is  found  al- 
most every wliere  but  differs  greatly  in  its  purity.  Tliis  deix)sit 
has  been  produced!  by  the  decomposition  of  various  rocks. 
As  these  decomposed  products  have  been  acted  upon  by  water, 
the  various  original  materials  have  been  separated,  leaving  de- 
posits of  various  kinds.  Some  of  these  we  know,  as  sand,  clay 
and  various  mixtures.  Clay  in  its  pure  condition  is  compai'a- 
tively  rarely  found,  the  larger  portioni  of  the  deposit  being  com- 
posed of  impure  clay.  Pure  clay  is  a  silicate  of  aluminum  and 
when  found  in  large  quantities  it  is  called  kaolin.  The  various 
changes  which  take  place  upon  the  minerals  present  in  the 
earth's  crust,  in  order  that  clay  may  be  produced  is  according 
to  tlie  results  of  Forchhammer  shown  in  the  formula 

AI2O3,  2Si02  +  2H2O. 

The  changes  which  take  place  in  the  original  rock  to  produce 
the  clay  substance  may  be  shown  by  tlie  following  equation,  as 
the  result  of  the  action  of  water  and  carbon  dioxide  upon  feld- 
spar. 

2AI2O3,  2K2O,  2Si02  (Feldspar)  -f  4H2O  +  2CO2  =  2AI2O3, 
3Si02,  4H2O  +  K^(X\  +  9Si02.    (Clay  substanjce.) 

As  an  illustration  of  the  various  changes  which  may  take  place 
during  the  decomposition  of  the  original  clay  substance  both  in 
the  mechanical  as  well  as  chemical  changes,  tlie  investigation  of 
Reichart^^Hs  of  interest:  The  results  under  column  (a)  represent 
the  original  material.    The  second  column  (b)  gives  the  results 

(1)  Han  Iworterbnoh  der  Ohemle  Lftdenborg  12,  p.  17. 
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of  the  i>rofluct  produced  from  the  weathering  processes  and  the 
third  column  (e)  the  resulting  kaolin. 


(a)  (b)                           (c) 

Coarse  sand 33.95)  22.56)                          2.48 

Fine  sand 36  20^  78.05             37.40V  72.11             28. 52^   49.42 

Finest  sand 7. 90  J  12. 15  J                         18 


.48} 
1.52  f 
.42) 


Clay 9.271  12.26)  20.61 

Fine  earth 7 

Silt 5 


.27)  12.26)  20.611 

.46  V   21.95  8.55  V  27.89  17.69  V  50  58 

.22j  7.08)  12.38) 

Silica 77.48  75.73  76  48 

Alumina 17.10  21.92  21.58 

Iron  oxide 2  83  0.98  0.97 

Magnesium  oxide 0.84  0.18  0.17 

Lime 0  38  0.27  0.25 

Magnesia 0.10  0.10  0.07 

Potash 1.03  0  55  0.16 

Soda 0.13  0.08  0.01 

Phosphoric  acid Trace 

The  resulting  product  from  this  decomposition  is  naturally  a 
complicated  mixture  and  it  is  necessary  to  study  it  not  only 
from  a  chemical  point  of  view  but  also  its  physical  conditions. 
Such  physical  properties,  as  plasticity,  naturally  belong  to  the 
physical  consideration  of  the  subject. 

It  is  of  interest  to  note  that  as  the  result  of  the  chemical 
changes  taking  place  in  the  production  of  kaolin  from  the  orig- 
inal rock  that  the  amount  of  sand  decreases  while  the  clay  sub- 
stance increases.  In  the  chemical  results  the  amount  of  silica 
and  alumina  undergo  only  a  slight  change  while  ferric  oxide, 
manganese  oxidte,  calcium-  oxide  (lime),  magnjesium  oxide  (mag- 
nesia), and  the  alkalis  decrease  as  the  results  of  the  changes  tak^ 
ing  place  in  the  products. 

Pure  clay  substance  is  insoluble  in  dilute  hydrochloric  acid  or 
nitric  acid.  Concentrated  sulfuric  acid  decompogies  it  at  250^ 
to  300°  C.  with  the  separation  of  sand  and  silica.  Hydrofluoric 
acid  in  the  presence  of  sulfuric  acid  decomposes  the  sand  which 
may  be  present  producing  silicon  fluoride  which  is  volatile. 

The  fact  tliat  the  clay  substance  with  many  of  its  impurities 
is  acted  upon  by  sulfuric   acid  enables  the  separation  of   the 
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clay  substance  from  the  sand  or  quartz.  The  action  upon  im- 
pure quartz  of  a  dilute  solution  of  sodium  hydrate  or  sodium 
carbonate,  furnishes  means  for  separating  the  quartz  from  the 
amorphous  silica.  The  action  of  sulfuric  acid  and  the  alkali  has 
given  rise  to  a  method  of  analysis,  which  is  known  as  rational 
analysis.  Work  of  this  nature  has  been  carried  on  extensively 
by  Aron  and  Seger.  In  some  cases  rational  analysis  is  all  that 
is  necessarv  to  enable  one  to  determine,  within  certain  limits,  the 
relative  proportions  of  quartz,  clay  and  feldspar  which  may  be 
present  in  the  day.  For  the  determination  of  other  substances, 
however,  a  complete  chemical  analysis  is  necessary. 

The  typical  day  such  as  kaolin  has  the.  fonnula  2Si02,  AI2O3, 
2H2O.  Its  percentage  of  composition  would  be  accordingly 
SiOa,  47.1;  AI2O3,  39.2;  HgO,  13.7.  The  impiare  clays  contain 
feldspar  such  as  orthoclase,  KgO,  AI2O3,  GSiOg,  o*-  albite,  Nai^O, 
AI2O3,  eSiOg  and  there  will  be  also  present  mica  having  the  form- 
ula K2O,  3AI2O3,  4Si02  and)  quartz.  As  a  natural  result  of  the 
weathering  processes  the  alkalis  disappear  and  aluminum  and 
silica  may  be  w'ashed  away  after  it  is  hydrated.  Some  of  the 
typical  clays  may  be  shown  by  the  following  analyses  r^^^ 

PURB  KAOLIN.      KAOLIN    WITH      KAOLIN    WITH 

(Zettlitz).  QUARTZ.  FELDSPAR. 

Percent.  Percent.  Percent. 

Kaolin  clay  sabstance 96.6  63.8  55.9 

Feldspar 1.1  0.7  38.2 

Quartz 2.3  35.5  5.9 

Kaolin  clay  substance  containing: 

PURB  KAOLIN.       KAOLIN    WITH      KAOLIN  WITH 

( Zettlitz) .  QUARTZ .  FELDSPAR . 

Percent.  Percent.  Percent. 

Silica 45.6  45.3  47.1 

Alumina 38.1  37.1  36.0 

Ferric  oxide 0.9  1.3  0.6 

Magnesia 0.7  0.8  3.3 

Alkalis 1.8  2.0 

Water 13.3  12.1  12.9 

(2)  Ref.  Ohemlfltr  J  for  Bngineera  and  Mannfactarers,  Vol.  n,  p.  143. 
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The  clays  of  all  classes  are  prepared  for  use  in  manufacturing 
and  depend  upon  two  physical  properties:  (1)  The  ease  with 
which  they  may  be  molded  and  shaped  when  wet,  and  (2)  tlieir 
change  of  state  to  a  hard,  unalterable  product  when  subjects  to 
heat.  The  chemical  comiposition  has  little  to  do  with  the  first 
physical  property.  The  second  physical  property  of  course  is 
affected  more  or  less  by  the  chemical  composition  of  the  clay  and 
aa  there  is  dehydration  and  agglomeration  it  is  accompanied  by 
shrinkage.  The  effeat  of  impurities  present  in  pure  kaolin  is  to 
lower  the  fusing  point 

CLASSES  OF  CLAYS. 

The  clays  are  generally  divided  into  three  classes: 

(1)  Porcelain  clay,  which  is  approximately  pure  kaolin.  This 
bums  to  white  or  light-cream  color. 

(2)  Plajstic  clay,  which  contains  more  impurities  than  the 
porcelain  clay.  It  burns  to  a  yellow-red  color  and  is  used  for 
ordinary  earthenware. 

(3)  Pire  Clays. — These  clays  approach  very  close  to  the  por- 
celain clays  in  composition,  however  they  contain  a  larger  (juan- 
tity  of  iron,  also  miore  silica  as  quartz.  Some  of  the  highest 
fire  clays  are  very  rich  in  quartz.  The  typical  fire  clay  and  brick 
clay  as  found  in  England,  contains  the  following  substances : 

BRICK  CLAY.  PBR  CENT.  FIRB  CLAY.  PBR  CENT. 

Quarts 16.42      Quartz 84.59 

Feldspar 3  27      Combined  silica 5.11 

Calcium  carbonate 4.45      Alumina 5.40 

Calcium  sulfate 95      Ferric  oxide 0.21 

True  clay  substance 74.91      Lime 0.20 

Mas^nesia 0.09 

Potash 0.61 

Water 3.74 

Clay  substance  consisting  of: 

BRICK  CLAY.  PBR  CBNT. 

SUica 46.96 

Alumina 36.42 

Ferric  oxide 2.80 

Magnesia 0.87 

Alkalis 0.91 

Water 12.04 
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OBJECT  OF  RATIONAL  ANALYSIS. 

The  rational  analysis  of  clay  has  for  its  object  the  separation 
of  the  clay  into  clay  substance,  quartz  and  feldspar.  The  methods 
used  depend!  upon  the  action  of  sulfuric  acid  upon  the  clay.  The 
remaining  residue  contains  amorphousi  silica  and  quartz.  The 
amorphous  silica  is  then  separated  from  it  by  the  action  of  so- 
dium carbonate  or  sodium  hydroxide.  As  to  the  value  of  the 
rational  analysis  of  day,  there  seemis  to  be  a  difference  of  opinion 
upon  the  subject.  For  example,  Ries  considers  that  it  is  nec- 
essary and  customary  for  the  manufacturers  of  porcelain  or 
earthenware  or  fire  brick  or  any  product  made  from  high  grade 
clay  to  use  the  rational  analysis  as  a  guide  for  their  mixtures  in 
order  to  obtain  a  constant  product  It  is  claimled  that  the  advan- 
tage of  this  mlethod  is  that  it  separates  the  clay  into  middle  com- 
ponents and  enables  one  to  obtain  an  idea  of  the  physical  char- 
acter of  the  material.  This  is  claimed  to  be,  frequently,  a  matter 
of  far  greater  importance  than  is  the  chemical  composition  of 
the  clay.  It  is  claimed  that  the  ordinary  ultimate  analysis  only 
considers  the  clay  as  a  mixture  of  oxides  and  that  these  sub- 
stances  may  be  present  as  silicates ,  carbonates,  hydrates,  sulfates, 
etc.  Silica,  it  is  claimed,  will  decrease  the  shrinkage  and  up  to 
certain  limits  of  temperature  increase  the  refractoriness.  If, 
howevier,  it  is  present  in  combinaition  as  feldspar,  it  acts  as  a  flux 
and  somewhat  increases  the  plasticity. 

In  contrast  with  the  value  of  the  rational  and  ultimate  analyses 
of  clay  it  may  be  said  that  each  has  its  value  and  cannot  replace 
the  other. 

The  value  of  the  ultimate  and  rational  analyses  and  what  may 
be  indicated  by  them,  is  stated  by  Ries,  as  follows: 

OBJECT  OP  ULTIMATE  ANALYSIS. 

*^The  ultimate  analysis  may  be  used  to  supply  information  on 
the  following  points : 
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(1)  The  purity  of  tlie  clay,  showing  the  proportions  of  silica, 
alumina,  combined  water,  and  fluxing  impurities. 

(2)  From  the  ultimate  analysis  we  can  fonn  an  estimate  of 
the  refractoriness  of  the  clay,  for,  olther  things  being  equal,  the 
greater  the  total  sum  of  fluxing  impujities  the  noiore  fusible  the 
clay. 

(3)  The  color  to  which  a  clay  will  bum  may  also  be  judged  ap- 
proximately, for  the  greater  the  amount*  of  iron  present  the 
deeper  red  will  the  day  bum,  provided  the  iron  is  evenly  and 
finely  distributed,  and  an  excess  of  lime  is  not  contained  in  the 
clay.  If  the  proportion  of  iron  to  lime  is  as  1  to  3,  then  a  buflf 
product  results,  provided  the  clay  ia  heated  to  incipient  fusion  or 
vitrification^  tlie  above  condition  will  be  affected  by  a  reducing  at- 
mosphere in  burning,  or  the  presence  of  sulfur  in  the  fire  gases. 

(4)  Clays  with  a  large  amount  of  combined  water  sometimes 
exhibit  a  tendency  to  crack  in  burning.  This  combined  water 
would  be  shown  in  the  chemical  analysis. 

(5)  A  large  excess  of  silica  would  indicate  a  sandy  clay." 
These  are  practically  all  the  points  which  the  ultimate  analsis 

explains,  and  ithey  are  mostly  of  a  chemical  nature. 

METHODS  USED  IN  RATIONAL  ANALYSES. 

As  regards  the  rational  analysis  it  may  be  carried  out  in  a  sim- 
ple way  or  in  an  elaborate  one. 

Mlost  kaolins  and'  other  high  grade  clays  consist  only  of  kao- 
linite,  quartz  and  feldspar,  the  kaolinite  forming  the  finest  parti- 
cles of  the  mass  while  the  balance  is  quartz,  feldspar  and  perhaps 
some  mica.  The  finest  particlss  are  known  as  the  clay  substance, 
which  may  be  looked  upon  as  having  the  properties  of  kaolinite, 
for  the  latter  is  present  in  it  in  such  a  large  excess.  Now  as  each 
of  these  three  components  of  the  kaolin— clay  substance,  quartz 
and  feldspar — ^have  cliaracteristic  properties,  the  kaolin  will  vary 
in  its  behavior  as  one  or  the  other  of  thesri.  constituents  predom- 
inates or  tends  to  increase.  i 
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As  to  the  characters  of  these  three :  Quartz  is  nearly  infusible, 
non-plastio,  has  very  little  shrinkaige,  and  is  of  low.  tensile 
strength;  feldspar  is  easily  fusible,  and  of  low  plasticity  by  it- 
self; kaolinite  is  plastic  and  quite  refractory,  but  shrinks  con- 
siderably  in  buming. 

Mica  may  practically  be  considered  as  kaolinite,  for  the  reason 
that  there  is  usually  so  little  of  it,  and  also  be(»us©  the  experi- 
nuents  of  G.  Vogt  have  indicated  that  it  acts  very  similarly  to 
kaolin,  being,  when  fine,  fairly  plastic  and  unaffected  by  a  tem- 
perature of  1,300°  C.  In  chemical  composition  it  is  of  course 
different  from  kaolinite,  but  fromi  a  physical  point  of  view  it.  is 
similar. 

The  investigations  of  Vogit^^^have  called  attention  to  the  fact 
that  in  the  cases  where  the  analyses  of  clays  were  made  with  de- 
terminations of  klaolin,  feldspar,  and  quartz  the  results  are 
not  satisfactory.  In  the  attempt,  from  the  results  obtained  in 
the  analyses,  to  imitate  the  porcelain  of  China  and  Japan  the 
conclusion  was  reached  that  50  parts  of  kaolin, '30  of  feldspar  and 
20  of  quartz  would  meet  the  requirements  and  upon  this  data  the 
manufacturing  of  porcelain  in  Europe  waB  founded.  Vogt  calls 
attention  to  the  fact  that  in  the  rational  analyses  as  carried  out 
under  these  conditions,  no  attention  was*  paid  to  the  mica  which 
may  have  been  present.  The  experiment  proved  that  a  clay  com- 
posed of  kaolin  20,  mica  25  and  quartz  40  yieldied  merely  stone- 
ware of  fine  quality.  In  order  to  obtain  the  beautiful  and  trans- 
parent poreclain  a  quantity  of  feldspar  was;  found  necessary.  The 
following  mixture  was  prepared  with  this  object  in  view :  kaolin 
25,  mica  25,  orthoelase  25  and  quartz  25.  In  some  cases,  however, 
in  the  ordinary  manufacture  of  cheaper  ware  and  cheap  clay 
products  it  is  not  d^med  necessary  to  make  the  analysis  com- 
plete as  carried  out  by  Vogt 

(8)  Boll  de  La.   Soo.  Chim.  d.  Paiifl,  Abet.  Ohem.  News  68  (1880)  p.  816. 
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From  a  scientific  point  of  view,  it  is  generadly  conceded  that 
the  results  of  the  rational  analysis  is  as  stated  by  Doctor  Bischof, 
**Ein  Kuntschlich  Theoretisches  Bild.'* 

This  is  duie  to  the  assumption  that,  im  the  calculation  from 
the  analysis,  the  mineral  sand  is  regardted  as  feldspar.  The  sei>- 
aration  of  the  mineral,  quartz  sand  and  clay  substance  cannot  be 
regarded  in  any  way  as  an-  accurate  analysis. 

Langenbeok  ^  ^  ini  speaking  of  the  analytical  results  obtained 
from  the  treatment  of  the  feldspar  in  the  samfe  manner  as  the 
clays  during  the  analytical  process,  states  that  pure  feldspar 
left  a  residue  of  81.44  per  cent  and.  in  the  other  83.95  per  cent. 
Attempts  have  been  made  to  remedy  the  action  of  the  concentrated 
sulfuric  add  upon  feldspar,  by  treating  the  clay  with  dilute  sul- 
f uric  add  under  pressure.  Yet  it  was  found'  that  the  clay  was 
only  partially  decomposed  while  the  feldspar  was  acted  upon  to 
the  extent  of  leaving  a  residue  of  82.67  per  cent  which  is  prac- 
tically the  same  as  when  treated  with  concentrated  add.  Langen- 
beck  states  that  under  the  existing  methods  used  in  the  rational 
analysis  it  is  impossible  to  dissolve  the  clay  substance  out 
of  the  clay  witliout  a  loss  of  feldspar  that  may  reach  20  per 
cent  of  the  material  present.  The  action  of  sulfuric  acid  has  an 
effect  upon  the  quartz,  although  not  so  much  as  upon  the  feld- 
spar. In  the  examples  given  it  was  found  that  the  acid  may  dis- 
solve from'  the  quartz  3.88  per  cent  as  the  result  of  its  action. 
However,  in  spite  of  tiie  imlperfections  of  the  methods  used  in 
rational  analysis  there  is  no  doubt  but  that  from  a  practical 
point  of  view  the  results  are  of  value  for  it  has  enabled  the 
manufacturer  to  mix  the  natural  clays  with  other  substances  in 
which  the  clay  lacks  and  this  enables  him  to  deal  with  many  of 
the  problems  connected  with  his  work.  Where  the  ultimate 
method  would  be,  under  ordinary  circumstances,  an  unintelligi- 
ble analysis  the  rational  analysis  is  of  service  to  him. 

(4)  ChemifltiT  of  Pottery,  pp.  8-12. 
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In  some  cases  the  fact  that  the  action  of  the  sulfuric  acid  upon 
the  clay  will  dissolve  a  quantity  of  feldspar  and  some  of  the 
quartz,  has  led  some  investigators  to  reject  the  rational  analysis. 
As  an  examiple  of  this  objection  the  following  is  of  interest 
in  connection  with  the  rational  analysis/*^  *'0n  account  of 
tlie  fact  that  the  Wisconsin  days  conitain  a  large  amount  of  feld- 
spathic  material  the  rational  analysis  would  have  little  signifi- 
cance and  the  following  method  was  adopted  to  calculate  tjhe 
feldspar  and  kaolin,  from  the  ultimate  analysis,  using  the  fol- 
lowing percentages  of  com|X>sition  of  feldspar : 

K^O,  16.9;  AI2O3,  18.4;  GSiOg,  64.7;  Na^O,  11.8;  AI2O3,  19.5; 
eSiOg,  68.7;  and  kaolin:  AlA,  39.5;  2Si02,  46.5;  2^20,  14. 
Under  these  conditions  potash  and  soda  were  regarded  as  part  of 
feldspar.  The  alumina  requiiled  for  tliis  amount  of  feldspar  was 
deducted  from!  the  total  alumina  present  and  the  remainder  was 
the  basis  on  which  the  kaolinite  substance  was  calculated.  T^he 
difference  between  the  total  amount  of  silica  and  that  required  by 
feldspar  and  kaolin  gives  the  amount  of  quartz  present ' ' 

In  connection  with  the  calculation  of  the  rational  analysis  the 
following  results  showing  tlie  c(>miX)sition  of  various  feldspars 
will  be  of  interest  <«>  ,  1    ?    .  ,    ^ 

POTASSIUM  SODIUM  CALCIUM 

FBLDSPAR  FELDSPAR  FELDSPAR 

ORTHOCLASB.  ALBITB.  ANORTHITB. 

(K.Al.Si.O„)     (Na,Al.Si.O„)     (CaAUSi.O.  ) 
Per  cent  Per  cent  Per  cent 

Potassium   oxide,  K,0 16.89  11.82  20.10 

AluDiinum  oxide,  AltOs 18.43  19.56  36.82 

Silica.  SiOf 64.68  68.62  43  08 

There  are  in  use  two  methods  for  the  determination  of  silica, 
feldspar,  and  quartz  in  clay.  The  following  is  one  of  the  methods 
which  is  used  in  Germany  :^^^ 

*^  About  five  grams  of  clay  are  weighed  and  placed  in  a  200  c.  c. 
Erlenmleyer  flask.  100-150  c.  c  of  water  and  two  c.  c.  of  sodium 

(5)  Clays  and  Clay  Industrlea  of  Wisconsin,  p.  267. 

(6)  Konig  Untersuchang  Land.  Qewerb.  StofFa 

(7)  Ladenborg-Handwoerterbuoh  der  Chemle,  12,  p.  16. 
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hydrate  are  added  and  the  contents  boiled,  covering  the  flask 
with  a  small  glass  funnel.  The  contents  of  the  flask  are  allowed 
to  cool  and  25  o.  c.  of  sulfuric  acid  is  added.  Continue  the  boil- 
ing until  the  fumes  of  the  acid  begin  to  be  driven  off  the  flask. 

As  a  result  of  the  reactions  which  have  taken  place  the  calcium 
carbonate  has  been  changed  to  calcium  sulfate,  the  almninum 
silicate  has  been  converted  into  aluminum  sulfate  and  silicic 
acid,  while  tlie  quartz  and  feldspar  remain.  Water  is  added  to 
the  flask  and  most  of  the  sulfuric  acid  and  aluminum  sulfate 
washed  out  of  tlie  residue  by  decantation. 

In  washing  by  decantation  the  water  which  is  decanted  should 
be  placed  upon  a  filter  paper  for  the  reason  that  should  any  of 
the  residue  be  removed  from  the  flask  it  can  be  returned  by  mak- 
ing a  hole  in  the  filter  and  washing  back  into  the  flask. 

After  washing  b^  .decanitation  the  contents  of  the  flask  are 
treated  with  hydrochloric  acid  (100  c.  c.)  and  boiled.  Decant 
off  the  liquid  and  add  sodium  hydroxide  (100  c.  o.)  boil  and  de- 
cant. Repeat  the  above  process  with  hyd'roohloric  acid  and  sodium 
hydrate.  The  residue  is  then  transferred  to  a  filter  and  washed 
with  dilute  hydrochloric  acid  (1  to  23).  The  filter  with  cojitents 
is  transferred  to  a  platinum  crucible  and  weight  determined. 

The  contents  of  the  crucible  are  treated  with  a  few  drops  of 
sulfuric  acid  and  small  quantities  of  hydrofluoric  acid,  evapor- 
ated to  dryness  in  the  water  bath,  ignited,  weighed,  and  from,  the 
loss  calculate  and  determine  aluminum,  iron,  etc.  From  the 
aluminum  founds  in  the  residue  the  feldspar  is  calculated,  1  i)art 
of  alumina  (aluminum  oxide)  =  5.41  of  feldspar. 

Another  method  which  has  been  used  in  much  of  the  work  of 
this  country  is  as  follows: 

The  material  (tw<o  grams)  is  treated!  with  dilute  sulfuric  acid 
(20  c.  c.)  for  six  or  eight  hours  on  a  sand  batli,  and  the  excess  of 
acid  is  finally  driven  off.  One  cubic  centimeter  of  concentrated 
hydrochloric  acid  and  a  small  quantity  of  water  is  added.    The 
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residue  is  separated  by  filtrajtion  and  thoroughly  washed  with 
hot  water.  -The  residue  is  then  treated  with  a  small  quantity  (15 
c  c.)  of  a  boiling  ten  per  cent  solution  of  sodium  hydroxide, 
25  cubic  centimeters  of  hot  water  are  added  and  the  solution  fil- 
tered through  same  filter  paper.  The  residue  is  washed  six  or 
eight  times  with  hot  water  by  decan.tation.  The  residue  is  then 
treated  with  dilute  hydrochloric  acid  and  washed,  and  trans- 
ferred to  the  filter  paper.  The  filtrate  should  be  free  from!  hy- 
drochloric acidl  before  the  washing  is  finished.  The  residue  on 
filter  paper  is  burned  and  weighed,  the  result  is  the  residue,  in- 
soluble in  sulfuric  acid  and  sodium  hydrate.  A  part  of  this 
r^idue  is  used  for  determination  of  silica,  aluminum  oxide,  and 
iron  oxide  and  the  other  i>art  for  determining  alkalis  present  in 
the  insoluble  residue.    > 

The  results  furnish  the  means  for  calculating  the  rational 
analysis.  -The  aluminum  oxide  present  in  the  insoluble  residue 
is  multiplied  by  3.51.  This  factor  is  regarded  as  the  ratio  be- 
tween the  silica  and  aluminum  oxide  in  orthoclase  feldspar.  The 
product  found  represents  the  amount  of  silica  present  in  feld- 
spar. The  sum  of  the  amounts  of  silica,  aluminum  and  ferric 
oxides,  and  alkalis  represents  tlie  **feldspathic  detritus.'*  The 
difference  between  the  silica  comlbined  and  the  total  silica  in  res- 
idue gives  the  **quartz'*  or  **free  sand."  The  sum  of  the 
** quartz"  and  ** feldspar"  gives  the  basis  for  calculating  the 
clay  substance. 

In  the  rational  analysis  it  lias  been  seen  that  there  is  a  choice 
in  the  use  of  sodium  hydroxide  or  sodium  carbonate  to  dissolve 
the  amorphous  silica  after  the  clay  has  been  acted  upon  by  sul- 
furic acid.  TShe  question  sometimes  presents  itself  as  to  the 
strength  of  the  alkali  to  be  used. 

Lunge  and  Milberg^^^in  tlieir  investigations,  concluded  that  the 
results  of  Michaeilis,  that  a  10  per  cent  solution  of  NaOH  does  not 

(8)  Zeitea,  Angevr.  Chem..  1897.  pp.  895-425,  Abstr.  Jr.  Soo.  Ohem.  Ind.  10  (1897)  p.  782. 
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act  upon  the  quartz  even  during'  several  hours  boiling  and  that 
Oie  soluble  silica  cannot  even  be  dissolved  by  sodium  carbonate, 
do  not  stand  the  test  of  investigation.  In  their  experiments, 
Lunge  and  Milberg  submitted  a  large  number  of  different  sili- 
cates with  the  results  that  cauBtio  alkalis  can  not  be  safely  emv- 
ployed  to  separate  the  quartz  from  the  soluble  silica,  as  quartz 
is  dissolved  during  the  process.  Hot  solutions  of  alkaline  car- 
bonates can  only  be  used  after  finely  powdered  material  has  been 
washed  away.  It  is  stated  that  some  quartz  is  dissolved  even  by 
a  5  per  dent  solution  of  sodium  carbonate  at  the  temperature  of 
tlie  water  bath.  It  is  stated,  however,  that  the  error  will  proba- 
bly not  exceed  .1  per  cent  to  .2  per  cent,  the  soluble  silica  being 
returned  high.  Hardened  filter  papers  should  be  used-  in  the  an- 
alysis. The  modification  of  the  process  as  suggested  by  Lunge 
and  Milburg  is  in  the  analysis  of  the  silicates  after  tlio  sam- 
ple has  been  reduced  to  the  finest  kind  of  powder, 
treated  with  hydrochloric  acid  and  dried  at  110  C.  The 
amorphofub  silica  can  be  readily  determined  by  digestion  for 
fif^n  mdnutes  in  a  5  per  cent  solution  of  sodium  carbonate  and 
the  error  need  not  exceed  .2  per  cent.  In  the  determination 
of  aluminum  and  iron,  Meinke  states  that  there  is  a  tendency 
for  the  iron  and  aluminum  to  contain  a  certain  amount  of  silica, 
this  amount  may  vairy  from  .3  to  1  per  cent. 


The  Chemical  Analysis  of  Clays. 

Besides  the  rational  analysis,  miany  times  the  complete  ulti- 
mate analysis  of  clay  is  of  value.  In  order  that  the  chemical 
analysis  may  be  of  value  it  is  necessary  that  the  analytical  work 
have  the  best  possible  care.  Langlenbeck  calls  attention  to  this 
subject  in  the  following  words :  *  *  While  it  is  true  that  the  chem- 
ical analysis  alone,  however  accurate,  is  insufficient  without  ac- 
companying physical  tests  to  give  one  tlie  perfect  characteriza- 
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tioD  of  clay,  its  value  is  sufficiently  great  to  warrant  the  most 
careful  work/' 

Clay,  according  to  Blair,  is  a  mixture  of  silica  and  the  silicates 
of  aluminum,  calcium,  magnesium,  potassium  and  sodium'.  The 
silicates  are  hydrated  and  as  a  result  they  may  contain  from  6 
to  12  per  cent  of  water  chemically  combined.  In  addition  to 
the  substances  named,  clay  may  contain  ferric  oxide,  titanic  acid, 
ferric  sulfate,  organic  matter  and  phosphoric  acid.  Occasion- 
ally, rare  elements  are  found. 

In  the  analysis  of  clay  the  following  determinations  are  made : 

(1)  Moisture.— Two  grams  of  claj^'  arQ  heated  in  a  platinum 
crucible  at  100°  to  105°  C,  until  a  constant  weight  is  i<eached. 
The  loss  in  weight  is  regarded  as  moisture. 

(2)  Loss  on  Ignition.— This  result  includes  combined  water, 
organic  matter  and  carbon  dioxide  in  the  form  of  carbonates. 

•The  clay  from'  the  determination  of  moisture  can  be  used  for 
this  determination.  The  ciucible  is  lieated  with  a  blast  lamp  until 
it  becomes  constant  in  weight. 

(3)  Siii€a.—C\sbj  being  practically  unacted  upon  by  hydro- 
chloric acid,  it  is  impossible  to  use  the  substance  for  preparing 
a  solution  and  it  is  necessaiy  to  fuse  the  product  in  order  to  de- 
compose the  silicate.  One  gram  of  finely  divided  clay  is  mixed 
with  ten  grams  of  sodium  carbonate  and  a  little  potassium  nitrate 
in  a  platinum  crucible.  The  mass  is  brought  to  fusion  in  a  plat- 
inum crucible,  using  the  blast  lamp  if  necessary.  After  the 
mass  is  fused  it  is  run  well  up  on  the  sides  of  the  crucible  and 
allowed  to  cool.  Add  hot  water  and  when  the  mass  is  thoroughly 
disintegrated,  treat  the  undissolved'  portion  with  hydrochloric 
acid.  Transfer  the  msm  to  a  casserole  and  evaporate  to  dryness 
on  water  bath,  heat  in  air  bath  at  110°  until  all  the  hydros 
chloric  acid  is  driven  off.  Dilute  hydrochloric  acid  (60  a  c.) 
is  added  to  the  contents  of  the  casserole  and  the  contents  brought 
to  boiling.    Transfer  the  miaterial  to  an  ashless  filter,  wash  it 
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thoroughly  with  hot  water,  dry  and  transfer  to  a  platinum  cruci- 
ble and  weigh.  The  filtrate  is  used  for  the  detennination  of  the 
other  constituents.  The  silica  present  in  the  crucible  is  treated 
with  suflScient  sulfuric  acid  to  mo^isten.  it.  Hydrofluoric  acid  is 
added  cautiously  in  very  small  quantities  successively  until  the 
silica  has  disappeared.  Evaporate  the  contents  of  the  crucible 
to  dryness  in  a  sandl  bath  or  on  an  asbestos  board,  ignite  and 

m 

weigh.    The  difference  in  weight  represents  the  silica. 

(4)  Determinaiion  of  Aluminum  mid  Iron.— The  filtrate  from 
the  silica  is  treated'  with  an  excess  of  ammonia  and  boiled  until 
the  ammonia  in  excess  is  driven  from  the  solution.  Filter  and 
wash  several  times  with  hot  water.  The  precipitate  is  dissolved 
with  a  mixture  of  15  c.  c.  hydrochloric  acid  and  15  c.  c.  of  water, 
and  allow  the  solution  to  run  into  a  small  clean  beaker.  If  any 
part  of  the  precipitate  remains  in  the  larger  beaker,  in  which  the 
first  precipitate  was  made,  a  part  of  the  contents  of  the  small 
beaker  may  be  used  for  dissolving  it  Wash  the  beaker  and  filter 
paper  in  order  that  the  small  beaker  may  contain  all  of  the  precipi- 
tate. Re-pnecipitate  with  ammonia  as  usual.  Filter,  transfer  the 
precipitate  to  the  filter  paper  and  wash  thoroughly  with  hot  w^ter. 
Dry,  ignite  the  precipitate  andl  weigh.  It  may  be  necessary  to 
treat  the  residue  before  igniting  with  a  few  drops  of  nitric  acid 
to  convert  any  iron  or  ferrous  oxide  which  may  be  present  into 
ferric  nitrate.  Evaporate  off  the  acid  and  weigh  the  contents  of 
the  crucible.  The  results  will  be  the  quantity  of  aluminum  oxide, 
AI2O3,  and  ferric  oxide,  FejOa. 

(5)  Determmaiion  of  Iron. — Fuse  the  precipitate  of  aluminum 
and  iron  oxide  with  NagCOg,  and  treat  the  fused  mass  with  water. 
Wash  into  a  small  beaker  and  decant  off  the  clear  liquid  into  the 
flask  used  for  the  determination  of  iron  volumetricallv  and  deter 
mine  in  the  usual  manner. 

If  desired,  citric  acid  can  be  added  to  the  solution  with  an 
excess  of  ammonia  and  the  iron  precipitated  as  sulfide.    Filter, 
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wash  tlie  precipitate,  dry  and  determine  iron  in  the  usual  man- 
ner. 'The  amount  of  iron,  subtracted  from  the  total  amount  of 
aluminum  and  ferric  oxidesi,  givie©  the  amount  of  aluminum^. 

(6)  Deterrmnation  of  Calcium.— The^  filtrate  from  the  deter- 
mination of  ferric  and  aluminum  hydroxides  is  concentrated  to 
about  200  c.  c.  and  ammonium  oxalate  added  to  precipitate  the 
calcium'.  The  precipitation  of  the  calciuim  should  be  from  a  hot 
solution.  Allow  the  precipitate  to  settle  twelve  hours.  Amtooni- 
imi  oxalate  should  be  in  exasss  in  order  to  prevent  the  precipita- 
tion of  any  magnesiumi.  Some  prefer  to  add.  one  gram'  of  ammo- 
nium oxalate  to  insure  an  excess.  The  precipitate  is  filtered  and 
washed  with  hot  water,  ignited  and  weighed  in  the  usual  man- 
ner.   The  resulting  product  is  calcium  oxide. 

(7)  Determination  of  Magnesia.— The  filtrate  from  the  deter- 
mination of  calcium:  precipitation  is  concentrated  until  about  150 
a  c.  Allow  the  solution  to  cool  and  precipitate  the  magnesia 
from  an  alkaline  solution  by  means  of  hydrogen  disodium  pho®- 
fate.  Fifteen  minutes  after  the  precipitation  add  15  a  c  of  con- 
centrated ammonium  hydroxide,  sp.  gr.  .90.  The  magnlesia  am- 
monium phosfate  is  allowed  to  staud  for  at  least  two  hours  and 
is  filtered  through  an  ashless  filter.    Wash  with  water  contain- 

• 

ing  5  per  cent  of  ammonium  hydroxide.  Place  the  filter,  after  dry- 
ing, in  a  crucible,  ignite,  and  weigh  in  the  usual  manner.  The 
resulting  residue  is  magnesium  pyrophosfate,  and  from  the  result 
the  amount  of  magnesia  is  calculated. 

(8)  Determination  of  Alkalis.— The  determination  of  alkalis 
in  clay  is  made  by  treating  two  grams  of  finiely  ground  material  in 
a  platinum  dish  with  four  c.  c.  of  concentrated  sulfuric  acid  and 
50  c.  c.  of  pure  hydrofluoric  acid.  The  contents  of  the  dish 
should  be  stirred  with  a  platinum  wire  ini  ordler  that  the  acid 
may  come  in  contact  with  the  clay.  The  contents  of  the  platinum 
dish  is  heated  carefully  until  the  clay  is  entirely  decomposed  and 
the  gritty  portion  has  disappeared.    Evajxyrate  to  dryness,  and 
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heat  until  the  sulfuric  acid  is  driven  off  and  the  fumes  cease  to 
be  evolved.  The  use  of  hvdrofluoric  acid  should  be  carried  on 
under  a  hood  where  there  is  a  strong  draught.  It  is  dangerous 
to  handle  the  hydrofluoric  acid  in  a  place  that  is  not  well  venti- 
lated with  a  strong  draught.  After  evaporating  to  dryness  in 
the  hood,  50  o.  c.  of  water  and  a  little  hydrochloric  acid  is  added. 
The  mass  should  dissolve;  if  it  does  not,  heat  until  it  does.  If 
there  is  any  insoluble  matter,  it  shows  that  the  clay  has  not  been 
thoroughly  acted  upon  by  the  hydrofluoric  acid.  The  soluble 
material  can  be  transferred  to  another  dish,  and  the  operation 
repeated  by  means  of  hydrofluoric  acid  upon  the  insoluble  resi- 
due in  the  dish.  After  thoroughly  decoinix)sing,  the  solution  is 
diluted  to  about  350  c.  c.  by  adding  water.  After  placing  in  a 
beaker,  heat  to  boiling,  add  an  excess  of  ammonia  and  allow  the 
precipitate  to  settle,  and  filter.  The  precipitata  is  transferred  to 
the  beaker  in  which  the  precipitation  was  made,  by  piercing  the 
filter  and  washing  with  hot  water.  Add  about  200  c.  c.  of  water 
and  a  little  ammonia.  Transfer  to  tlie  filter  and  wash  thoroughly. 
The  two  filtrates  are  united,  evaporated  to  dryness  in  a  platinum 
dish.  Heat  in  order  to  volatilize  the  ammonium  salts.  Add  a  few 
drops  of  hydrochloric  acid  and  evaporate  to  dryness  and  heat  to 
low  red  heat  The  resulting  residue  represents  the  alkalis  in  the 
form  of  chlorides. 

If  it  is  desired  to  separate  and  detennine  the  amount  of  potas- 
sium present,  this  can  be  done  by  precipitating  the  potassium 
chloride  amdi  determining  it  as  KgPtCle  in  the  usual  manner. 

(9)  Smithes  Method  of  Determination  of  -4ZA-aZi5.— Instead  of 
determining  the  alkalis  by  means  of  hydrofluoric  acid  and  sul- 
furic acid,  the  method  given  by  Smith  may  be  used.  The  method 
is  as  follows :  one  gram  of  finely  ground  clay  is  mixed  thoroughly 
with  an  equal  weight  of  granular  chloride  of  ammonia  in  a  por- 
celain or  a^ate  mortar.  To  this  mixture  eight  grams  of  calcium 
carbonate  aHe  added.  Grind  the  mass  together  thoroughly  so  that 

22 
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it  is  intimately  mixed.  Transfer  the  material  to  a  large  platinum 
crucible  covered  with  a  dose  fitting  cover  and  heat  slowly  in 
order  to  decompose  the  ammonium  chloride.  This  is  accomi- 
pUshed  in  a  few  minutes,  then  heat,  gradually  increasing  until 
the  crucible  is  red.  The  bottom  of  the  crucible  is  kept  at  a  bright 
red  heat  for  about  one  hour.  The  crucible  is  allowed  to  oool  and, 
if  the  mass  can  be  detached  easily,  transfer  it  to  a  platinum  dish 
and  add  SO  to  100  c.  c.  of  water.  Remove  any  residue  which  may 
remain  in  the  crucible,  cover  with  water  and  wash  the  contents 
of  the  crucible  into  a  dish.  The  contents  of  the  dish  are  heated 
to  boiling  and  the  mass  is  allowed  to  slake  completely.  After 
slaking,  filter  and  wash  the  residue  thoroughly  with  hot  water. 

In  case  the  contents  of  the  crfuwible,  after  fusion,  can  not  be 
removed  eamly,  the  crucible  is  placed  on  its  side  in  a  dish,  the 
cover  washed  off  and  100  c.  c.  of  water  added.  The  contents  of 
the  dish  are  heated  until  the  mass  can  be  remloved.  Remove  the 
crucible  from  the  dish,  wash  thoroughly  and  filter  the  liquid 
from  the  dish  and  wa^h  the  i^esidue.  The  filtrate  is  treated^  with 
about  one  and  one-half  grams  of  pure  carbonate  of  ammonia  and 
filtered.  Evaporate  the  solution  in  a  platinum  dish  until  it  is 
reduded  to  50  c.  c,  add  a  small  quantity  of  ammonium:  carbonate 
and  ten  or  fifteen  drops  of  ammonia.  Filter  off  the  precipitate, 
if  any  is  produced,  and  evaporate.  Heat  carefully  to  drive  off 
the  ammonium  salts.  The  alkalis  are  present  in  the  form  of  potas- 
sium and  sodiuml  chlorides.  Tlite  addition  of  a  few  drops  of  hy- 
drochloric  acid  will  prevent  any  loss  of  material  during  the  pro- 
cess of  heating  in  dri\dng  off  the  ammonium  salts. 

(10)  Determination  of  Titanic  Oxide. — The  determination  of 
titanic  oxide  is  made  by  placing  one-lialf  gram  of  clay  in  a  plati- 
num crucible  and!  thoroughly  mixing  with  five  grams  of  potass 
slum  bisulfate  and  one  gram  of  sodium'  fluoride.  The  mass  is 
fused,  allowed  to  cool  and  then  dissolved  with  ai  five  per  cent  solu- 
tion cf  sulfuric  acid.    An  aliquot  part  of  the  resulting  solution  is 
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placed  in  a  Nessler.tube,  hydroxide  is  added  and  the  tint  devel- 
oped is  comipared  with  the  standards  made  from  solution  6f 
titanium!  sulfata 

(11)  Determination  of  Sulfur.— The  total  sulfur  present  in 
clay  is  determined  by  fusing  one-half  gram  with  a  mixture  of  so* 
dium  carbonate,  fivie  parts,  and  potassium  nitrate,  one  part,  in  a 
platinum  crucible.  The  fused  product  is  dissolved  by  dilute  hy- 
drochloric acid.  The  sulfur  separated  in  the  usual  manner  by 
evaporation  and  heating  in  order  to  render  the  silica  insoluble, 
and  filtered.  Hydrochloric  add  is  added  in  order  to  have  an  ex- 
cess of  the  acid  present.  The  sulfate  present  in  solution  is  pre- 
cipitated by  means  of  barium  chloride  in  excess^  Both  solutions 
should  ble  ihot  The  barium  sulfate  is  filtered,  washed  with  hot 
water,  dried,  placed  in  a  crucible  and  weighed,  and  the  sulfur  or 
trioxide  calculated  from  the  results. 

(12)  Determinatiorh  of  Ferrous  Oxide. — Ferrous  oxide  can  be 
determinied  by  fusing  one-half  gram  of  clay  with  five  grams  of 
sodium  carbonate.  The  clay  in  a  crucible  should  be  well  oo^^red 
with  carbonate.  The  contents  are  heated,  the  crucible  being  cov- 
ered. The  fused  mass  is  dissolved  and  mixed  with  hydrochloric 
acid  and  sulfuric  acid  in  an-  atmosphene  of  carbon  dioxidte.  Fer- 
rous iron  is  determined  by  titration  with  standard  potassium'  per- 
manganate. 

THE  VALUE  OF  CHEMICAL  ANALYSIS. 

As  previously  stated,  the  value  of  tlie  rational  analysis  lies  •in 
the  fact  that  from'  a  theoretical  point  of  view  it  is  designed  to 
separate  quartz,  feldspar  and  clay  substance  in  the  clay.  The 
chemical  analysis,  on  the  other  hand,  can  be  used  to  draw  certain 
inferences  which  are  also  valuable. 

According  to  Ries,  the  following  facts  can  be  drawn  from  the 
.chemical  analysis: 
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(1)  111  the  chemical  analysiisi  of  clay  the  depth  of  the  red  color 
depends  upon  the  amoumt  of  ferric  oxide.  A  large  percentage  of 
ferric  oxide  produces  a  deep  red  color,  while  a  small  amount  gives 
the  yellow*  colors. 

(2)  The  analysis  will  determine  whether  lime  present  is  suffi- 
cient to  counteract  the  action  of  the  ferric  oxide, 

(3)  That  an  approximate  idea  of  the  fusibility  of  day  can  be 
obtained  from  the  total  amount  of  fluxes  present  and  also  the 
nature  of  the  fluxes,  whether  they  are  weak  or  strong. 

(4)  The  clay  containing  a  large  percentage  of  silica  indicates 
generally  a  sandy  clay, 

(5)  Clays  having  a  high  percentage  of  alumina  and  combined 
waiter,  as  a  ruJe,  shrink  considerably  on  burning. 

It  is  also  stated  that  besides  the  tendiency  to  shrink  as  indicated 
by  chemical  analysis,  other  physical  tendencies  are  largely  de- 
piendent  oil  the  mineralogical  composition. 

THE  COLORS  OF  CLAYS. 

The  iron  oxide  pnesent  in  the  clay  will  produce  certain  definite 
colore  dependent  on  the  amount  of  oxide  present  According  to 
Professor  Winchell,  the  cream  coloited  bricks  in  Minnesotai  are 
produced  as  a  result  of  the  iron  which  is  present  in  the  clay  enter- 
ing into  combination  with  silica  and  alumina  instead  of  remain- 
ing as  an  oxide.  The  various  manifested  tints  which  are  exhib- 
ited in  many  clays  are  practically  due  to  a  mixture  of  carbon- 
aceous matter  and  iron.  It  is  well  known  that  the  oxides  of  iron 
will  cause  white  aluminum  silicate  to  change  its  color  to  a  gray- 
ish-blue and  even  to  a  black  color.  In  clays  where  the  color  is 
produced  by  carbonaceous  or  other  organic  matter  it  will  entirely 
disappear  in  burning  if  an  excess  of  air  is  possible.  Blue  clay, 
it  is  said,  can  mot  be  decolorised  by  digestion  in  hydrochloric 
acid,  and  on  heating  it  becomes  more  intense,  owing  to  the  sep- 
aration of  particles  of  carbon,  and  these  finally  disapi)ear. 
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Colored  waters,  if  mftxed  with  clays,  will  color  them  slowly, 
while  kaolin,  if  mixed'  with  brown,  peaty  water  and  allowed  to 
stand  for  eight  or  ten  days,  will  become  brownish-blue.  This 
color  becomes  more  distinct  when  it  ia  dried.  If  treated  the  sec- 
ond time  this  residue  becomes  brown,  and  by  constantly  repeating 
the  process  a  dark-blue  clay  with  a  brown  tint  has  been  obtained 
similar  in  color  to  many  of  the  natural  clays. 

INCRUSTATION  ON  BRICK  WALLS. 

Under  certain  conditions  brick  walls  become  colored  by  the 
production  of  white  incrustations  which  appear  after  the  wall 
ia  built  This  incrustationf  sometimes  is  produced  even  before  the 
building  is  complete,  and  unsightly  white  patches  disfigure  the 
building.  In  some  cases  it  has  been  noticed  that  bricks  which  have 
never  come  in  contaiot  with  the  mortar  have  had  this  incrustation 
upon  them-.  On  examination  the  incrustation  was  found  to  be  sul- 
fate of  magnesium.  As  a  rule,  this  sulfate  is  discolored  by  other 
compounds,  such  as  oxide  of  iron.  Under  other  conditions  the 
incrustation  has  proved  to  be  a  mixture  of  calcium  and  magnesium 
sulfates,  with  traces  of  iron  and  aluminum  oxides.  Carbonates 
were  not  found  to  be  present.  The  material  which  produces  this 
incrustation  is  therefore  evidently  of  the  nature  of  soluble  sill- 
f  ate,  and  the  question  arises  whether  these  substanaas  are  present 
in  the  original  clay  or  not.  Investigations  made  upon  these  in- 
crustations prove  that  calcium  or  magnesium  sulfates  are  not 
present,  usually,  in  the  original  clays.  There  is  a  small  propor- 
tion of  lime  and  miagnesia,  and  no  doubt  the  burning  of  brick 
accounts  for  the  conversion  of  the  magnesia  and  lime,  which  is 
present  in  the  clay,  to  the  corresponding  sulfaites,  by  tiie  sulfur 
oxide  produced  from  the  sulfur  in  the  coal  as  sulfide  of  iron  or 
iron  pyrites.  When  the  coal  is  burned,  sulfur  dioxide  in  the 
presence  of  air  and  moisture  produces  sulfuric  acid,  which  com- 
bines with  magnesia  and  lime.    The  acid  probably  decomposes 
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the  calcium!  and  magnesium  silicates,  producing  sulfate  of  cal- 
cium and  m;agne8ium,  while  silica  is  set  free.  The  sulfate  of 
magnesium  possesses  the  peculiar  property  of  eflftorescence  in  the 
presence  of  dry  air.  A  small  amount  readily  becomes  conspicu- 
ous. It  has  been  suggested  that  the  only  way  to  prevent  the 
incrustation  is  naturally  to  prevent  the  formation  of  magnesium 
sulfate  ini  brick.  In  other  words,  to  bum  the  brick  intended  for 
exposuiHe  to  tihe  atmosphere  with  material  which  will  not  produce 
sulfuric  acid  in  a  large  enough  quantity  to  produce  sulfate  of 
magnesia  during  the  process. 

Another  souroe  of  trouble  may  be  said  to  lie  in  the  fact  that 
mortar  is  produced  from  magnesium  limestone  and  is  really 
a  mixture  of  lime  and  magnesia  in  various  proportions.  Of 
course,  in  the  presence  of  fumes  of  sulfur  dioxide,  magnesium 
sulfate  is  readily  produced  from;  the  magnesia!,  and  the  salt 
makes  itself  manifest  in  the  effloresoenoe.  Of  course  it  can  be 
readily  seen  that  houses  built  with  mortar  from  lime  containing 
a  large  amiount  of  magnesia  can  be  acted  upon  by  smoke  con- 
taining a  quantity  of  sulfur  oxide,  readily  producing  miagnesium 
sulfate. 

If  lime  should  be  the  sooirce  of  the  trouble,  theui  it  is  necessary 
to  use  lime  in  building  which  is  free  from  magnesia,  for  that  por- 
tion of  the  brick  work  which  is  exposed.  In  some  houses  these 
white  incrustations  of  magnesium  and  calcium  sulfates  are  rend- 
ered still  more  unsightly  by  black  streaks.  This  is  caused  from 
repeated  washing  of  the  black  dust  fromi  the  window  cases  and 
frames.  Of  course  the  problem  here  is  for  the  builder  to  use  for 
that  part  of  the  building  which  is  exposed,  bricks  containing  a 
mdnimnm  amount  of  sulfuric  add  produced  from  coal  contain- 
ing a  small  amount  of  sulfur,  and  mortar  which  is  free  from  mag- 
nesia. It  is  a  problem  for  prevention  instead  of  endeavoring 
to  discover  a  remedy  for  the  mischief. 
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According  to  the  investigation  of  Qunther,  however,  the  iron 
pyrites  present  in  the  clay  is  one  of  the  causes  of  efflorescence 
and  this  is  not  the  result  of  the  material  used  in  burning  the 
brick.  Qunther  stated  that  almost  all  clays  contain  sulfide  of 
iron  or  pyrites,  and  this  in  the  presence  of  magnesia  gives  rise 
to  the  efflorescenee,  after  the  decomposition  of  alkalis  in  the 
presence  of  water. 

He  regards  the  sulfur  present  a&  the  cause  of  the  trouble.  The 
remedy  which,  as  suggested  by  GKmther,  is  to  mix  barium^  car- 
bonate or  chloride  in  clay;  this  substance  would  combine  with  * 
sulfuric  add,  producing  bariumi  sulfata  The  sandstone  of  many 
new  buildings  suffer  with  tliis  trouble  of  efflorescence. 
From  experience  it  is  found  that  it  has  been  impossible  to  pre- 
vent the  f ormjation  of  soluble  sulfate  entirely,  but  it  has  been  sug- 
gested that  an  excess  of  barj^ta  would  be  present  at  all  times, 
combining  with  any  sfulfuric  acid  to  produce  ineoluble  barium 
sulfate.  The  addition  of  baryta  to  the  mortar  has  been  sug- 
gested as  a  remedy  to  check  the  efflorescence.  Of  course  this 
check  would  be  limited  if  the  mortar  is  exposed  to  the  action  of 
the  fumes  of  sulfur  from  the  chimneys  where  coal  is  used  con- 
taining a  large  amount  of  sulfur. 

As  a  matter  of  interest  I  would  note  the  investigation  of  Direc- 
tor Parize  of  the  Agricultural  Sation  at  Morlaix,  France,  whose 
work  has  led  to  the  conclusion  that  the  crumbling  of  brick  is  due 
largely  to  the  action  of  microbss.  The  result  of  the  action  of  the 
microbes  is  a  red  dust  which  on  examination  with  the  microscope 
was  found  to  contain  a  number  of  microscopic  organisms.  This 
opens  a  wide  field  for  the  investigation  of  many  problems  con- 
nected with  the  decay  of  walls  of  brick  buildings. 
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CHAPTER  VI. 


Selection  of  Power  Plants* 


It  is  the  purpose  of  this  report  to  state  and  discuss  the  prin- 
ciples governing  the  selection  and  installation  of  the  engines  and 
boiler  plant  which  furnish  the  power  required  for  workins:  clay 
ipto  brick  and  other  marketable  products. 

The  writer  has  assumed  that  in  the  selection  of  the  power  pro- 
ducing apparatus  the  following  requirements  exist :  All  machin- 
ery must  be  (1)  simple  in  design,  (2)  strong  in  construction,  (3) 
reliable  in  action,  (4)  reasonable  in  first  cost,  and  (5)  readily 
handled  by  men  of  ordinarj^  intelligence  and  some  miechanical 
aptitude. 

To  these  requirements  should  be  addedl  a  sixth,  that  of  eco- 
nomical operation.  It  should  be  noted  that  the  fourth  and  fifth 
reciuirements  first  enumerated  may  conflict  with  the  sixth.  It 
is  the  desire  of  the  writer  to  impress  upon  clay  workers  the  idea 
that  the  sixth  requirement  is  very  important. 
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By  economy  of  operation  in  this  connection  is  meant  low  an- 
nual expenses  chargeable  to  power  production.  The  items  of 
such  expense  are: 

(1)  Fixed  charges,  (2)  current  expenses,  (3)  repairs. 

Fixed  chaises  include:  (a)  interest  on  the  investntent,  (b) 
depreciation,  (c)  taxes,  (d)  insurance. 

Current  expenses  include:   (a)  fuel,  (b)  labor,  (c)  supplies. 

Eepairs  include:    (a;)  labor,  (b)  material. 

In  order  that  the  sum  total  of  all  the  items  shall  be  a  minimum 
considerable  thought  should  be  given  to  the  design,  in  general 
and  detail,  of  the  plant;  and  subsequently  its  operation. 


The  Power  House. 

The  building  in  which  engines  and  boilers  and  accessories  are 
placed  need  not  be  elaborate  or  expensive,  but  should  be  so  con- 
structed as  to  protect  the  machinerj'  and  its  attendants  from'  tlie 


Flo.  Bl.    Boiler  with  domr,  ihell  extended  for  fall  front,  wroi 
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weather  while  the  plant  is  in  use,  should  protect  the  maobinery 
from  meddling  persons  and  tlie  weather  while  the  plant  is  not  in 
use  and  should  be  located  and  the  machinery  arranged  therein 
so  that  the  capacity  of  the  plant  can  be  increased  by  adding  to 
the  existing  building.  Plenity  of  light  aad  controllable  ventila- 
tion are  very  desirable  in  the  power  house. 

Machinery. 

This  consists  usually  of  engines,  boilers  and  stacks,  and  feed- 
puonps  or  injectors.  For  most  localities  feed  water  purifiers 
should  be  added  to  the  list 

The  assumption  is  made  here  that  the  exhaust  steam  from-  the 
engine  is  used  for  drying  the  clay  previous  to  burning. 


Fia.  82.    Domelfsa  boiler  with  noulea,  shell  eiteoded  lor  tnll  tront,  prcsMd  steal  logs. 
BOILERS. 

The  most  satisfactorj'  all  around  boiler  is  the  well  known  hori- 
zontal return  tubular  boiler  shown  without  tbe  brick  work  and 
eastings  in  Figs.  31  and  32  and  Plate  XL  Fig.  31  represents 
a  boiler  adapted   to  suspension,    to   which    reference  is  made 
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below.  For  Iowa  coal  as  fuel  this  boiler  should  have  relatively 
long  tubes,  should  be  9?t  high  above  the  grates,  should  have  lib- 
eral grate  surface  and  be  connected  to  a  stack  of  ample  capacity. 

It  would  be  desirable  iu  large  plants  to  consider  the  use  of 
a  coking  arch  or,  better,  the  ** dutch  oven." 

Tubes  4  inches  in  diameter  should  be  18  to  20  feet  long  and 
33^ -inch  tubes  should  be  16  feet  long.  Tubes  smaller  than  4 
inches  are  not  advisable  for  natural  draft  with  Iowa  coals,  on 
account  of  the  excessive  soot  accumulation  in  smaller  tubes. 
AVith  tubes  of  the  lengths  mentioned,  the  hot  gazses  from  the  fur- 
nace will  travel  far  enough  in  contact  with  water  heating  surface 
to  reduce  their  temi)erature  at  the  stack  to  a  reasonable  point, 
say  350  degrees  to  450  degrees  F. 

The  grate  surface  should  be  liberal  so  as  to  permit  the  use  of 
slack  or  the  carrying  of  a  heavy  enough  fire  of  any  gi  ade  of  Iowa 
coal  to  compel  a  thorough  mixture  of  the  air  and  combustible 
gases  of  the  fuel. 

Twelve  square  feet  of  water  heating  surface  per  boiler  horse 
power,  and  one  square  foot  of  water  heating  surface  per  boiler 
horse  power,  and  one  square  foot  of  grate  surface  to  each  forty 
square  feet  of  heating  surface  will  be  found  satisfactory.  Rock- 
ing or  shaking  grates  are  very  desirable.  An  excellent  shaking 
grate  is  shown  in  Fig.  33.  This  gives  excellent  results  with  the 
slack  and  other  steam  coals  mined  in  Iowa. 

Automatic  stokers  are  not  practicable  in  plants  of  less  than 
400  to  500  horse  power  capacity,  because  no  saving  in  labor  is 
possible,  and  the  saving,  if  any,  due  to  improved  combustion,  is 
oflFset  by  repairs  to  the  stokers,  and  the  power  required  to  operate 
them. 

Most  boiler  shells  are  too  near  the  fire  for  the  economical  use 
of  Iowa  coal ;  in  fact,  tlie  best  conditions  exist  where,  as  with  the 
coking  arch  or  the  ** dutch  oven,"  there  is  no  water  heating  sur- 
face in  the  fire-box  or  furnace.    AVith  the  standard  surface  a  72- 
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inch  boiler  should  be  not  less  than  42  inches  above  the  grate. 
"  Table  No.  1  contains  approved  dimensions  for  boilers  of  this  type 
for  shells  from  48  inches  to  72  inches  in  diameter,  and  from  16 
feet  to  20  feet  in  length,  with  4-inch  tubes. 

TABLE   No.   1. 

DUmeter  of  boiler. 
Number  of  tubes . . 
Diameter  of  tnbes 
Thickneu  of  shell 
ThickneM  of  bead 
Braces  sbov«  tabes 
Braces  below  tnbes 
Sin  ol  steam  pipe. 
Siie  of  feed  P'PC-- 
Sin  of  blow- off  pipe. 


Grate  mrface 

PiametCT  of  S>-fttot  tack 


Heating  snrfac* ■{  18ft 


Ratad  horse  power. 


A  (Vjd  irfKi^n 
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HerewiUi  is  a  standard  *  ^  Specification ' '  for  boilers  of  the  same 
type,  based  upon  the  practice  recommended  by  the  Hartford 
Steam  Boiler  Inspection  and  Infinrance  Company.  The  prin- 
cipal departure  therefrom  consists  in  the  overhead  suspension 
mentioned  as  an  alternate  to  the  comimon  method  of  supporting 
the  boiler  on  the  brick  work. 

BPBCIFIOATIONS  FOR  HORIZONTAL  RETURN  TUBULAR  BOILER,  72  Iir.  BT  18  Ft. 

Tt/pe.— Horizontal  return  tubular. 

Dime w^iow^.— Seventy- two  inchest  in  diameter,  eighteen  feet 
long  from  outside  to  outside  of  heads,  with  smoke  extensions 
eighteen  iniches  long  continuous  with  shell.  Thickness  of  shell, 
three-eighths  inch,  of  head  one-half  inch. 

Material.— Best  open  hearth  flange  steel,  having  a  tensile 
strength  of  not  less  than  57,000  nor  more  than  62,000  pounds, 
and  deductility  corresponding  to  56  per  cent  reduction  of  area 
and  25  per  cen^t  of  longation.  All  plates  in  finished  boiler  to 
show  stamp  with  name  of  maker,  quality  and  tensile  strength. 

Tubes  amd  5race5.— Sixty-eight  tubes,  four  (4)  inches  in  diam- 
eter, 18  feet  long,  best  lap  welded  or  seamless  drawn,  carefully 
and  properly  expanded  with  Dudgeon  expander  and  beaded  at 
each  end.  Braces :  44  braces  above  tubes  and  four  below  tubes, 
the  former  crow  foot  f ormi,  flat  or  round,  of  not  less  than  one 
square  inch  in  area  at  smallest  section,  the  latter  1J4  inches  in 
diameter,  with  up-set  endsi  f or  IJ/^-inch  thread  at  front  and  crow- 
foot connections  at  back,  with  turned  bolt  1  1-16-inch  diameter. 
No  brace  less  than  3  feet  6  inches  long. 

Details  of  tube  sheet  lay-out  to  be  according  to  practice  recom- 
mended by  the  Hartford  Steam  Boiler  Inspection  and  Insurance 
Company.  >*^  - 

Riveting. — Two  lugs  on  each  side.  Front  lugs  to  rest  on  cast 
iron  plates,  others  on  rollers  and  plates  to  permit  of  expansion. 
All  plates  12  by  12  by  1>^.    Boilers  1  inch  diameter,  9  inches 
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long,  three  at  each  plate.    Or  two  suspension!  loops  on  each  side, 
of  l3/$-inch  round  iron  securely  riveted  to  shell.    See  Fig.  31. 

Const ruction.—^o  dome.  Shell  in  three  rings,  each  ring 
formed  from  a  single  sheet,  horizontal  seams  above  the  fire  and 
to  break  joints.  Heads  machine  flanged,  rivet  holes  drilled  or 
punched  and  reamed,  tube  holes  drilled  or  bored. 

Openings.— Two  man-holes,  11  by  15  in  top  of  shell,  13  by  15 
in  front  head,  under  tube.  1 3/2 -inch  feed- water  pipe,  internal 
from  front  head  over  tubes.  Blow-oflF  flange  2^/^  inches.  Steam 
nozzle  5  inches,  near  back  end,  safety  valve  nozzle,  4  inches,  near 
front  end.  Both  nozzles  flanged  and  fitted  with  companion 
flanges  for  screwed  pipe  of  same  size  as  nozzle. 

Castings,— Yroni^.  Ornamental  three-quarter  arch  for  over- 
hanging extension.  Fronts  designed  to  allow  not  less  than  36 
inches  between  grate  and  boiler  shell  and  to  have  fire-door  frames 
for  8-inch  wall.  Tight  fitting  fire,  ash-pit  and  smoke  extension 
doors,  saddle  for  breaching  connection  with  balanced  butterfly 
damper,  or  columns  and  double  channels  for  overhead  suspen- 
sion, with  equalizing  I-beam  at  back  end. 

Eight  wall  binders,  binder  rods,  anchor  rods  for  front,  soot 
door  and  skeleton  frames  for  fire  brick  arch  at  back. 

Uptake  14  by  60. 

Rocking  or  shaking  grates  of  approved  design  to  work  from 
front  of  boiler. 

Fi/<iw,^5.— Eight-inch  brass  steam  gauge,  combination  water 
column,  4-inch  pop  safety  valve,  l>^2-inch  check  and  stop  valves 
and  2j^  inch  asbestos  blow-off  cock. 

Inspection  and  Test.— Before  shipment  test  with  cold  water  at 
150  pounds  per  square  inch  and  furnish  certificate  of  inspection 
from  the  Hartford  Steam  Boiler  Inspection  and  Insurance  Co. 
and  insurance  policy  in  the  same  company  for  one  yeai*  in  the 
sum  of  $2,000.00  for  both  boilers. 
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▲LTBBNATB  BPBOIFICATIONB  FOR  BOILBB  06  Iv.  BY  18  Ft. 

Complying  with  specifications  for  the  72-inch  boiler,  except 
as  follows: 

Diameter,  66  inches.    Length,  outside  to  outside,  18  feet. 

Thickness  of  shell,  %  inch.  Riveting,  double  riveted  lap  for 
longitudinal  seams. 

54  tubes,  4  inches  by  18  feet 

Braces  above  tubes,  34. 

Braces  below  tubes,  4. 

Uptake,  12  by  54. 

Steam)  pipe,  4k}4  inch.    Safety  valve,  3j/2  inch. 

Blow  off,  2  inch. 

Feed  pipe,  iy2  inch. 

ALTERNATE  8PBGIFI0ATI0N8  FOR  BOILBB  60  In.  BT  18  Ft. 

Complying  with  the  specifications  for  the  72-inch  bi^iler,  ex- 
cept as  follows : 

Diameter,  60  inches.    Length,  outside  to  outside,  18  feet. 

Thickness  of  shell,  5-16  inch.  Riveting,  double  riveted  lap  for 
longitudinal  seamB. 

44  tubes,  4  inches  by  18  feet. 

Braces  above  tubes,  30. 

Braces  below  tubes,  4. 

Uptake,  12  by  42. 

Steam  pipe,  4  inch.    Safety  valve,  3j^  inch. 

Blow  off,  2  inch. 

Feed  pipe,  lj4  inch. 

Complete  specifications  and  setting  plans  for  any  size  of  hori- 
zontal return  tubular  boiler  can  be  had  by  applying  to  the  Hart- 
ford SteamI  Boiler  luspeetion  and  Insurance  Co.  In  the  judg- 
ment of  the  writer,  they  should  be  modified  along  the  lines  sug- 
gested in  the  above  specifications. 
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The  capacity  of  the  stack  depends  upon  its  cross-sectional  area, 
its  height,  the  temperature  inside  and  outside  and  general  aitmos- 
pheric  conditions. 

Table  No.  2,  adapted  from  a  more  complete  table  in  Snow's 
**  Steam  Boiler  Practice",  p.  236,  gives  the  capacities  in  horse 
power  of  chimneys  or  f^tacks  of  various  heights  and  diameters 
for  ordinary  oonditious  as  to  temperature  of  the  hot  ^ases  and 
for  average  atmospheric  conditions. 

TABLE  No.  2 


BRIGHT 

OF  CHIMNBY  IN  FBBT. 

INSIDB 

RFFBCTIVB 
AREA 

DIAMBTBR 

INCHES. 

SQ.   FT. 

60 

80 

100 

125 

150 

18 

0.97 

25 

29 

24 

2.08 

54 

62 

30 

3.58 

92 

107 

119 

36 

5.47 

141 

163 

182 

204 

42 

7.76 

231 

258 

289 

316 

48 

10  44 

348 

389 

426 

54 

13.51 

449 

503 

551 

60 

16.98 

565 

632 

692 

84 

34.76 

1.294 

1.418 

A  substantial  brick  stack  is  better  than  an  unlined  steel  stack 
such  as  is  commonly  furnished  with  boilers,  but  a  self  supports 
ing  steel  stack  lined  to  tlie  top  with  brick  is  considered  good  and 
costs  somewhat  less  than  an  all-brick  stack. 

For  Iowa  feed-water  the  boiler  should  be  mlade  as  accessible  as 
possible  for  interior  examination  and  cleaning.  To  this  end  a 
man-hole  below  as  well  as  above  the  tubes  is  a  necessity. 

A  dome  is  not  necess^uy,  and  its  cost  can  be  save  by  omitting 
it  from  the  specifications. 

The  feed-water  should  be  introduced  at  the  front  and  above 
the  tubes,  below  the  water  line,  into  a  pipe  extending  to  within 
two  feet  of  the  back  head,  and  discharged  downwards  between  the 
tubes  and  the  shell. 
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Plate  XII.    Method  of  hanging  a  shell  boiler. 
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The  boiler  shonld  be  hong  on  columns  by  means  of  equalizing 
levers  and  hangers,  so  aa-  to  keep  the  shell  free  from  strains  due 
to  settling  of  the  brick  work. 

A  method  of  hanging  a  shell  boiler  which  can  be  applied  to  a 
boiler  of  any  size  is  shown  in  Plate  XII  as  designed  by  the  writer 
for  a  54-inch  boiler,  Ifi  feet  long. 

Plate  XIII  shows  the  construction  of  a  "dutch  ovien"  for  a  72- 
inch  by  18-foot  boiler.  The  dimensions  are  governed  in  part  by 
the  size  of  the  grate,  but  the  thickness  of  the  brick  work  would  be 
practically  the  same  for  all  sizes. 

The  construction  should  be  very  substantial  in  order  to  stand 
the  high  temperature. 

Plate  XIV  shows  the  standard  setting  plans  for  a  72-inch  by  18- 
foot  boiler.  For  other  sizes  the  thickness  of  walls  would  be  the 
same,  but  the  general  dimensions  would  conform  to  the  size  of 
the  boiler  shell,  as  shewn  in  Fig.  32.  Tlie  overhanging  front 
shown  is  better  than  the  flush  front.  Two  lugs  on  each  side 
would  be  better  tlian  three,  as  shown. 

BOILER  FEEJIKO. 

The  nwet  reliable  boiler  feeder  is  a  direct  acting  single  or 
duplex  pump  ae  illustrated  in  Figures  34  and  35,  and  Plate  XV. 


PiO,  SI.  TfpeotbolIerfeed-pnmp;dnii1t>i 
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The  exhaust  therefrom  can  be  used  to  help  in  the  heating  of  the 
feed-water  as  explaiued  later.  A  second  pump,  or  an  injector, 
should  be  installed  in  reserve. 

The  use  of  oold  feed-water,  where  it  can  be  heated  by  other- 
wise waste  heat,  is  uneconomical.  It  is  perfectly  practicable  by 
means  of  exhaust  steam  from  tlie  auxiliary  engines  (pumps),  or 
the  main  engine,  to  heat  the  feed-water  to  200  d^rees  F.,  or  even 
210  dc^reas  F.  This  will  etfect  a  saving  of  13  per  cent  or  more 
in  the  fuel  consumed  by  the  boiler. 

The  use  of  cold  feed-water  is  also  bad  for  tlie  boiler,  because 
of  sudden  strains  thrown  upon  the  shell  plates  and  seams,  which 
lessen  the  life  of  the  boiler. 


Pla.  Si.    Duplex  pamp 


Feed-water  heaters  can  be  built  so  that  they  will  act  as  puri- 
fiers. Carbonates  of  lime  and  some  other  solids  are  precipitated 
from  water  which  is  heated  to  about  180  degrees  F.,  and  in  some 
cases  nearly  complete  purification  would  result. 
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The  cost  of  a  heater  and  purifier  is  insignificant  compared  with 
the  saving  effected  by  its  in-stallation  and  use. 

When  waste  heat  is  applied  to  the  feed-water  the  saving  which 
may  be  effected  is  given  by  the  following  table : 

TABLE  3— PERCENTAGE  OF  FUEL  SAVED  BY  HEATING  FEED-WATER. 

(Steam  Pressure,  80  pounds.) 


INITIAL 

TXMPBRATURB 

OF  WATEK. 

TBMPE&ATURB  OP  WATBR  BNTBRING   BOIL  BR -DBG.   P 

180° 

180° 

200° 

202° 

204° 

206° 

208° 

210° 

212° 

40° 

60° 
70° 
80° 

10.23 
9.46 
8.67 
7.87 
7  08 

11  93 

11. ]8 

]0  40 

9.62 

8.85 

23  64 
12.90 
12  13 
11  37 
10.61 

13.81 
13.07 
12.31 
11.54 
10.78 

13.87 
13.24 
12.48 
11.72 
10  95 

14.15 
13.41 
12.65 
11.89 
11.12 

14  32 
14.58 
12.83 
12.06 
11.29 

14  49 
13.75 
13.00 
12.24 
11.46 

14.66 
13.92 
13.17 
12.41 
11  63 

For  additional  tables  on  savings  by  heating  of  fedd-water  see 
Kent's  Hand  Book,  p.  727,  Fifth  Edition. 

With  proper  arrangement  the  average  temperature  of  the  feed- 
water  can  be  kept  at  200  degrees  F.  This  mean©  a  saving  in  fuel 
of  12.9  per  cent  for  cold  water  averaging  50  degrees  F.  and  steam 
at  80  pounds  per  square  inch. 

There  are  many  forms  of  exhaust  feed-water  heaters  on  the 
market.  They  may  be  classified  as  open  heaters  and  closed 
heaters. 

Fig.  36  shows  in  diagram  the  essential  features  of  the  open 
heater,  and  Fig.  37  those  of  the  closed  heater. 

Figs.  38  and  39  show  commercial  forms,  respectively,  of  the 
open  and  closed  heaters.  Both  are  of  the  vertical  type,  which 
is  more  economical  of  floor  space  than  the  horizontal  type. 

Two  principal  diflFerences  are  noted.  In  the  open  heater  the 
steam  and  the  feed-water  are  in  contact  and  the  feed-water  is 
not  under  pressure.  In  the  closed  heater  the  steam  and  the  feed- 
water  are  under  pressure. 

In  general  there  are  claimed  for  the  open  heater  the  following 
principal  advantages: 
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1.  The  open  heater  is  essentially  more  eflSeient  than  the  closed 
heater,  because  the  steam  which  furnishes  the  heat  comes  into 
intimate  contact  with  the  water  to  be  heated,  and  the  resulting 
temperature  of  the  latter  is  higher  than  can  be  in  the  case  of  the 
closed  heater,  wherein  all  heat  transfer  must  be  effected  through 
metal  partitions  which  offer  some  resistance  to  such  transfer. 
With  water  free  from  scale-forming  solids  and  from  grease,  this 
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Fto.  86.    Feed-wmter  htater. 


resistance  is  practically  negligible  where  the  metal  partitions  are 
of  clean  copper,  but  in  the  majority  of  cases  the  feed-water  is  far 
from  pure  and  the  conductivity  of  the  metal  partitions  is  seri- 
ously impaired  by  scale  and  grease. 
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2.  The  oi>en  heater,  as  usually  constructed,  (See  Fig.  36),  is 
provided  with  pans,  trays  or  troughs  over  which  the  feed-water 
passes  at  a  low  velocity,  depositing  thereon  much  of  the  acale- 
formiog  matter;  in  fact,  a  portion  of  the  scale  is  deposited  in  the 
heater  instead  of  in  the  boiler.  This  partial  purification  is  ef- 
fected without  impairing  the  efficiency  of  the  heater.  In  the 
closed  heater  the  deposition  of  the  scale  on  the  metal  partition 
is  objectionable  as  above  stated. 


FlO.  87.     Feed  wBter  lie>ter. 


3.  If,  for  any  reason,  the  exhaust  steam  of  the  main  engine  is 
otherwise  utilized,  the  exhaust  steam  from  the  fee^  pump  and 
other  auxiliaries  can  be  used  in  either  style  of  heater.  In  either 
case  most  oi  all  of  it  will  be  condensed  by  the  feed-water.    In 
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the  open  heater  this  results  in  a  direct  saving  in  the  amount  of 
water  required  for  the  plant. 

4.  In  the  open  heater,  the  air  in  the  free-water  is  largely  liber- 
ated by  the  heat  and  passes  off  with  the  exhaust  steam.  In  gen- 
eral the  closed  heater  should  be  used'  if  the  water  is  very  free 


FlO.  SS.    T7P«  o(  opvn  feed-wBiar  heater. 

from  minetbl  impurities  or  contains  only  those  impurities'  which 
will  not  precipitate  at  the  temperatures  attainable  with  exhaust 
feed-water  heaters. 

If  the  closed  heater  is  used  it  should  be  placed  in  the  main 
exhaust  pipo  and  the  feed-water  should  be  handled  with  an 
injector  arranged  to  deliver  to  the  boiler  throuRh  the  heater.  All 
things  taken  into  account,  the  open  heater  will  best  meet  the  needs 
of  the  planla  under  consideration. 

In  selecting  an  open  heater  the  following  features  should  be 
required: 

1.  A  separator,  either  as  an  integral  part  of  the  heater  itself, 
as  indicated  in  Pig.  40,  or  as  a  separate  appliance  in  the  main 
exhaust  pipe,  or  in  each  of  the  exhaust  pipes  of  all  engines  dis- 
charging their  exhaust  through  tlie  heater.  The  former  design 
is  preferred. 

2.  A  reservoir  or  receiver  for  the  heated  water,  so  designed 
that  the  water  is  kept  hot  until  witlidrawn  by  the  pump.     One 
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way  of  constructing  such  a  reservoir  is  shown  in  Fig.  40.  The 
tixhaust  =lcani  passes  through  a  miimber  of  tubes  surrounded  by 
tlie  feed-water. 


Fio.  Bt.    BeoMoDAl  view  of  open  teed-w>ter 


3.  The  reservoir  should  be  capacious  and  provided  with  blow- 
off  overflow  aod  water  glass.  The  feed'  pump  connection  should 
be  a  few  inches  above  the  blow-off. 

4.  A  large  heating  and  purifying  chamber  containing  pans, 
tra.j's  or  troughs  arranged  so  that  the  («>ld  feed-water  shall  flow 
over  all  of  them  at  the  same  time  so  that  the  exhaust  steam  shall 
be  compelled  to  come  in  contact  with  the  water  on  every  tray. 

5.  The  trays  should  be  readily  removable  and  of  such  con- 
struction that  the  accumulntion  of  scale  thereon  can  be  knocked 
off  or  picked  otf  without  injury  to  the  trays. 

It  is  a  good  plan  to  e.xtraet  the  grease  from  the  exhaust  steam 
used  for  heating  the  feed-water,  because  most  cylinder  oils  are 
injurious  to  a  boiler  when,  allowed  to  accumiulate  therein. 

The  extraction  of  tlie  grease  can  be  accomplished  by  the  use  of 
"separators"  which  are  essentially  enlargements  of  the  exhaust 
pipes  wherein  the  steam  tlirows  down  its  entrained  water  and  oil 
which  are  led  off  by  a  drip-pipe. 
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A  bad  fineman  is  a  poor  investment,  even  if  he  pay  for  the" 
privilege  of  firing,  and  a  good  fireman  is  a  jewel.    In  sipite  of  the- 
extensive  use  of  automatic  stokers  in  large  plants,  it  remains  a: 
fact  that  intelligent  hand  firing  is  more  economical  than  machine' 
firing  for  most  pjante.    It  is  a  mistake  to  eoippose  because  the 
power  station  uses  but  a  small  portion  of  the  whole  coal  of  the 

works,  that  economy  in  firing  is  unimportant.. 
The  expense  account  is  made  up  of  a  few  large* 
itemja  and  many  small  ones.    If  the  small  ones 
are  expunged  or  reduced  the  credit  margin  is 
increased.    The  secret  of  good  firing  is  in  se- 
curing the  right  amount  of  air  at  all  points  in. 
the  fire.    The  top  of  the  stack  is  a  good  indi- 
cator of  thf3  economy  of  the  fire  box,  and  a  win- 
dow in  the  roof  of  the  boiler  room,  with  a  man 
under  it  who  will  look  up,  are  useful  adjust- 
ments to  any  boiler  room. 

For  the  proper  handling  of  his  fuel  the  fire- 
man should  have  knowledge  of  its  properties. 
For  the  information  of  users  of  Iowa  coal  the 
following  discussion  will  be  found  of  value: 
Iowa  coals  are  almost  entirely  bituminous 
^__^________  and  non-coking.     '*In  nearly  all  cases  ordi- 

^°'  ^VJSJhitir**''**  nary  breakage  of  coal  yields  more  or  less  of 
cubical  blocks  of  varying  size"  which  are  much  broken  up  by 
transportation  and  weathering.  The  amount  of  breakage  depends 
also  upon  whether  the  **long  wall"  or  ''shooting"  method  of 
mining  is  used.  In  the  former  the  coal  is  undermined  and  broken 
off  by  settling  of  the  roof  or  wedged)  downi,  and  in  the  latter  the 
coal  is  removed  by  drilling  and  blasting.     The  latter  process 
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breaks  up  the  coal  very  tlioroughly  and  is  a  quicker  process,  but 
lessens  the  value  of  the  product. 

An  average  of  64  analyses  by  the  State  (Geologist  gives  the 
following  chemical,  composition : 

♦Moisture 8.57 

Fixed  carbon 45  42 

Volatile  matter 39.24 

Ash 6  77 

100.00 

Analyses  of  coal  from  16  mines  in  the  Des  Moines  River  dis- 
trict gives: 

**Moisture 8.08 

Fixed  carbon 45.60 

Volatile , 38.14 

Ash 8.18 

100.00 
Sulfur 3.42 

or  on  the  basis  of  oven  dried  samples, 

**Fixed  carbon 49.62 

Volatile  matter 41.49    . 

Ash 8.89 

100.00 
Sulfur 3.72 

In  1901-02,  at  the  Iowa  State  College,  Mr.  F.  M.  Weakly  made 
a  study  of  the  chemical  comipositiooe  of  Iowa  coals,  from  which 
the  following  is  quoted : 

**The  mdsture  in  Iowa  coals  varies  (for  the  coals  tested)  from 
4.03  to  17.47,  the  average  beinig  8.08.  This  moisture  is  high,  as 
compared  with  that  in  coals  of  other  states. 

' 'Eliminating  moisture  from  our  comparisons,  in  volatile  mat- 
ter the  Iowa  coate  are  rich,  varying  from  36.94  to  48.69,  with  an 
average  of  41.49. 

'*The  fixed'  carbon  ranges  from  44.86  to  54.91,  with  an  average 
of  49.62,  slightly  lower  than  that  of  manv  coals  from  other  states. 

*  Steam  Boiler  EconomT,  Kent,  p.  74. 
**F.  M.  Weakley.  The  Iowa  Engineer,  Jane,  1002. 
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**  Total  combustibles  are  high,  running  fromi  84.88  to  95.91, 
with  an  average  of  91.11. 

**  Ash  h  low,  being  from  4.09  io  15.12,  with  average  of  8.89. 

'  *  Sulfur  is  high,  from  2.27  to  7.41 ,  with  an  average  of  3.72. 

'^The  coals  high  in  sulfur  are  also  high  in  ash.'' 

Concurrently  with  the  work  of  Mr.  Weakly,  Messrs.  Austin 
and  PeshaL,  under  the  direction  of!  the  writer,  determined  the 
calorific  powK^r  of  samples  of  coal  from  twenty  or  more  mines 
from  the  same  district,  fourteen  of  the  samples  being  the  same 
as  used  by  Mr.  Weakley. 

The  Parr  calorimeter  was  used.  The  results  are  a  minimum 
of  11941,  a  maximum  of  13141  and  an  average  of  12343  B.  T.  IT. 
per  pound  of  oven  dried  coal. 

Thie  following  table  exhibits  the  r^ults  of  the  work  of 
Messrs.  Austin  and  Peshak: 

CALORIFIC  POWBR  OF  IOWA  COALS  AND  OTHER  FQBLS. 

BTU. 

Slack  coal ,  Marquisville,  Iowa 10574 

Spring  Valley.  Ill ; 12608 

West  Virginia  screeninf^s          11331 

Lumsden  Coal  and  Mining  Company 12097 

Des  Moines  Coal  and  Mining  Company 12041 

Wtaitebreast  Fnel  Company,  Hilton,  Iowa 123^6 

Whitebreast  Fnel  Company.  Pekay,  Iowa 13050 

Hocking  Valley  Coal  Company,  Mine  No.  1 ...  12037 

Hocking  Valley  Coal  Company,  Mine  No.  2 12560 

Lumsden  Coal  Company,  Bloomfield ,  Iowa 13204 

Kalo.  Iowa 10451 

Centerville  Block  Coal  Company 12681 

Eldon  Coal  and  Mining  Company,  Laddsdale 1314 L 

Consolidated  Coal  Company,  Buxton,  No.  10 ..  12030 

Consolidated  Coal  Company,  Buxton,  No.  11. .   10585 

Lod wick  Brothers  Coal  Company,  Mystic 12780 

Carbon  Coal  Company,  Willard 12245 

Crowe  Coal  Mining  Company,  Booce 12729 

Corey  Coal  Company,  Lehigh 12431 

Piatt  Pressed  and  Fire  Brick  Company,  Van  Meter    11941 

Jasper  County  Coal  and  Mining  Company ,  Colfax .'. 12134 

Empire  Coal  Company 10881 

A.  A.  Conway  Coal  Company 10132 

Anthracite  coal 12532 

Cmde  petroleum   Beaumont,  Texas 19000 

Crude  petroleum,  Chanute,  Kaosas 19488 

Lampblack 14467 
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In  1900  boiler  teste  at  tihe  Iowa  State  College  gave  the  resulte 
exhibited  in  Table  No.  4. 

TABLE   No.  4. 


KIND  OF  FUEL. 

Cost  per  Ton  of 
2.000  lbs. 

Fuel  Cost  of  1,000  lbs. 
Steam  from  and  at  212'' . 

Marquisville  slack 

$1.43 
2.35 
2.54 
2.28 
8.00 
8.95 

14  9  cents 

Marauisville  steam 

21  2  cents 

Marquisville  nut 

21  5  cents 

Marquisville  lump 

24  0  cents 

Coke,  eastern  foundry 

60  4  cents 

Anthracite  nut '. 

52.8  cent** 

The  interesting  feature  of  these  results  are  the  prohibitive  cost 
of  anthracite  and  ooke  and  the  advantage  of  slack  over  the  better 
grades  of  coal  from  the  same  mine. 

It  is  evident  that  transportation  charges  will  materially  change 
the  relative  values  of  coal  for  steam  generation.  It  is  also  true 
that  the  method  of  handling,  the  design  of  the  boiler  setting  and 
the  character  of  the  fuel  itself  as  to  ash,  sulfur  and  moisture 
will  materially  influence  the  cost  of  generating  a  unit  quantity 
of  steam. 

Methods  of  Firing. — Frequent  and  small  charges  of  fuel  intel- 
ligently distributed  will  enable  the  burning  of  the  poorest  fuel 
with  a  minimuim  of  smoke  and  a  maximum'  of  economy  even  in 
furnaces  which  are  not  ideal  in  their  construction.  Slack  and 
steam  coal  should  be  fired  in  thin  beds,  three  to  six  inches,  and 
lump  coal  ten  to  twelve  inches,  and  the  fires  should  not  be  dis- 
turbed too  often  by  shaking  or  poking. 

Wetting  the  fuel  before  firing  is  sometimes  useful  in  promot- 
ing coking  and  preventing  the  carrying  off  through  the  chimney 
of  small  particles  of  unbumed  coal. 

Fluesi  should  be  frequently  cleaned  by  scraping  or  blowing 
with  steam  or  air.  A  steam  jet  over  the  fire  is  useful  when  the 
coal  is  freshly  fired,  but  is  detrimental  at  other  times. 

If  used  continuously  the  loss  of  heat  in  the  steam'  is  apprecia- 
ble, and  being  useless,  isi  inexcusable. 
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The  ideal  conditions  for  ocwnbustion  exist  when  the  air  supply 
is  from  one  and  one-half  to  two  times  the  theoretical  amount  and 
when  the  same  is  thoroughly  mixed,  with  the  combustible  portion 
of  the  fuel  at  a  temperature  equal  to  or  greater  than  tlie  temper- 
ature of  ignition.  These  conditions  can  be  very  nearly  attained 
for  Iowa  noal  if  the  principles  of  the  boiler  and  the  furnace  de- 
sign and  operation  above  enumierated  are  followed. 

ENGINES. 

T!he  selection  of  an  engine  is  not  governed  by  rules  so  much 
as  by  the  individual  judgment  of  the  purchaser.  Consequently, 
engines  vaiy  more  in  detail  than  boilers  of  the  type  above  dis- 
cussed. 

The  writer  is  of  the  opinion  that  up  to  100  horse  power  the 
moderate  speed  throttling  or  automatic  engine  will  best  meet  the 
needs  of  clay  workers,  and  for  large  powers  the  Corliss  engine 
may  be  used  to  advantage.  For  either  type  the  following  gen- 
eral proportions  should  be  observed': 

Diameter  of  steam  pipe  equal  to  onie-third  cylinder  diameter. 

Diamieter  of  exhaust  pipe  equal  to  one-half  cylinder  diameter. 

Diameter  of  piston  rod  equal  to  one^sixth  cylinder  diameter. 

Diameter  of  shaft  equal  to  one-half  cylinder  diameter. 

Diameter  of  crank  pin  equal  to  one-third  to  one-half  cylinder 
diameter. 

Length  of  connecting  rod  equal  to  three  times  length  of  stroke. 

•The  effective  power  of  a  single  high  or  medium-  speed  engine 
can  be  calculated  by  use  of  the  formula : 

Horse  power  =  0.002  X  L  X  A  X  N  wherein 

L  =  lei^ih  of  stroke  in  feet. 

A  =  area  of  piston  in  square  inches. 

N  =  nmnber  of  revolutions  per  minute. 

For  a  simple  Corliss  engine  the  corresponding  formula  is 

Horse  power  =  0.0018  X  L  X  A  X  N. 
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Both  engines  are  supposed  to  use  steaini  at  80  i>ounds,  boiler 
pressure.  Increase  in  boiler  pressure  will  give  a  proportionate 
increase  in  capacity  cf  engine  in  either  case. 

In  addition,  it  should  be  remembered  that  durability  is  propor- 
tional to  weighty  and  that  weight  is  cheap  ini  first  cost,  that  con- 
venience ?n  adjustment,  simpHcity  of  detail  and  perfect  lubricat- 
ing devices  are  essential. 

Engine  foundations  should  be  massive  and  well  built.  They 
should  rest  on  hard  and  natural  soil  or  rock,  and  the  engine 
should  be  securely  bolted  thereto. 

MINOR  ITEMS. 

All  live  steam  pipes  and  fittings  and  the  tops  of  boilers  should 
be  thoroughly  lagged  with  sectional  non-conducting  covering  or 
its  equivalent.  Such  covering,  if  of  good  quality,  will  last  ten 
or  fifteen  years  and  will  pay  for  itself  in  three  years  in  heat  saved 
that  would  otherwise  be  lost  by  radiation.  It  is  important  that 
the  pipe  covering  should  be  applied  with  care  in  order  to  have 
the  pipe  completely  covered,  by  the  covering,  and  not  merely  by 
the  canvass  wrapper.  The  latter  should  be  thoroughly  pasted 
down  and  the  metal  bands  tightened. 

Self-oiling  bearings  or  other  continuous  ciling  de\'icee  and  an 
oil  filter  will  save  their  cost  in  a  year  and  will  last  many  years. 

When  properly  cared  for,  the  leather  belt  is  the  most  satis- 
factory in  the  long  run,  but  the  writer  believes  that  rope  trans- 
mission! will  be  found  to  be  adapted  to  clay  work,  by  the  reason 
of  its  flexibility  and  its  ability  to  endure  exposure. 

Narrow  double  belts  are  better  than  wide  single  belts  of  the 
same  weight. 

A  belt  speed  of  3,000  feet  per  minute  gives  good  results.  At 
this  speed  a  double  belt,  glued  joints,  one  inch  wide,  will  transmit 
easily  four  to  five  horse  ix>wer  if  the  pull  is  steady  and  not  jerky. 
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A  rope  can  be  safely  run  at  4,500  feet  per  minute,  and  a  one- 
inch  rope  at  this  speed  will  transmit  from  a  single  groove  pulley 
not  less  than  13  horse  power. 

In  order  to  heat  the  drying  rooms  successfully  and  economic- 
ally, the  exhaust  steam  from  the  engine  should  be  utilized. 

At  the  same  time  the  back  pressure  on-  the  engine  sliould  be 
kept  low.  This  can  be  accomplished  and  at  the  same  time  a  good 
circulation  of  the  steams  in  the  coils  obtained,  if  the  coils  are  built 
as  manifold  or  heater  coils,  but  not  if  the  retiun  bend  coils  are 

• 

used.  The  latter  offer  too  much  resistance  to  the  flow  of  the 
steam.  The  heating  main,  or  exhaust  pipe  continued,  should  be 
carried  up  to  and  along  the  ceiling  of  the  drying  room  and  hung 
with  a  pitch  downward  away  from  the  engine.  The  furthe6t 
point  of  the  main  should  be  connected  by  a  large  drip  to  the 
return  main,  which  should  be  two^thirds  the  diameter  of  the  steam 
main  and  should  pitch  downward  toward  the  hot  well  or  heater 
in  the  boiler  room. 

The  supply  of  pipes  for  the  several  coils  should  be  taken  from 
the  top  of  the  steam  nrnim  and  should  pitch  downward  toward  the 
coils  which  connect  them  with  the  return  main.  The  point  of  dis- 
charge of  the  return  main  into  the  hot  well  or  heater  should  be 
the  lowest  }>oint  on  the  system,  ^o  as  to  insure  a  ''dry"  return, 
and  a  trap  should  be  pirovided  at  this  point  to  prevent  the  steam 
from  blowing  through.  The  main  exhaust  cf  the  engine  should 
be  provided  with  a  back  pressure  or  relief  valve  set  to  work  at 
a  lower  pr\3ssure  than  the  trap,  an,d  a  grease  extractor  should  be 
placed  in  the  heating  main  to  keep  oil  from  being  carried  through 
the  system  to  the  hot  well.  The  construction  here  outlined  will 
secure,  in  addition  to  its  main  object,  the  incidental  and  impor- 
tant advantage  of  a  supply  of  condensed  steam  fromi  the  boiler 
feed,  and  this  at  a  temperature  such  that  the  waste  steam  from 
the  pumps  will  be  able  to  raise  the  temperature  of  tlie  feed  well 
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towards  the  atmospheric  boiling  point  by  means  of  the  heater  and 
purifier  above  mentioned. 

Ventilation  is  essential  and  cam  be  secured  by  stacks  or  fans,  or 
both.    Generally  speaking,  a  fan  is  a  more  economical  method  of 
moving  air  than  is  a  oolumn  of  hot  air,  and  is  more  easily  con- 
trolled, but  the  stack  is  simpler  and  therefore  frequently  more 
^lesirable. 
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CHAFTEB  Vn. 

Qeologioal  Distribution  of  Clays  and  Shales. 

With  the  exception  of  the  Sioux  quartzite,  which  presents 
limited  exposures  in  the  northwest  comer  of  the  state,  every  great 
rock  formation  exposed  in  the  state  contains  more  or  less  impor- 
tant argillaceous  deposits.  Such  deposits  range  in  character 
structurally  from  the  highly  fissile  shales  of  the  Lower  Silurian 
and  certain  bituminous  memibers  of  the  Coal  Measures  to  the 
structureless  deposits  of  loess;  in  composition,  all  gradations 
may  be  observed  from  the  purest  fire  clays  to  the  most  impure 
alluvial  and  drift  deposits.  The  range  in  plasticity  is  equally 
great  from  the  highly  plastic  potter's  clays  to  the  arenaceous 
shales  and  sandy  surfa<5e  clays.  They  not  only  show  great  divers- 
ity when  the  members  of  the  different  formations  are  compared, 
but  the  shales  of  the  same  fonnation  are  widely  different  and 
require  different  treatment,  a  fact  which  is  not  always  appreci- 
ated in  the  clay  industries.  In!  the  following  pages  the  shale  and 
clay  members  of  the  various  formations  are  treated  in  chronologi- 
cal order.  No  attempt  is  made  to  describe  or  even  enumerate  all 
of  the  exposures  for  any  rock  series.  Attention  is  directed  rather 
to  those  exposures  which  are  considered  to  be  the  most  accessible 
and  at  the  same  time  representative.  But  little  space  is  devoted 
to  the  description  of  clay  plants,  only  as  such  description  throws 
light  on  the  workability  of  the  materials.    Especial  stress  is  laid 
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on  the  obemical  and  physical  properties  of  the  raw  materials 
which  would  commend  them  to,  or  cause  their  rejection  by,  the 
clay  worker.  Workability  and  availabi  lit)^  of  the  deposits  are 
given  the  attention  their  importance  merits. 

THE  SAINT  CROIX  SANDSTONE. 

» 

The  Saint  Croix  Sandstone. — The  Saint  Croix  comprises  an 
essentially  non-argillaceous  rock  series  so  far  as  its  outcrops  in 
Iowa  are  concerned.  Minnesota  geologists  separate  it  into  three 
divisions:  the  Basal  saaadstone,  the  Saint  Lawrence  shales  and 
the  Jordan  sandstone  is  the  sequence  from  the  base  upwards.  As 
the  names  imply,  the  lowest  and  the  uppermost  members  are  al- 
most exclusively  sandstone,  while  the  middle  miemiber  is  composed 
of  shales,  marls  and  limestones.  The  two  upper  members  only 
appear  on  the  surface  in  Iowa,  and  their  outcrops  are  confined 
to  Allamakee  and  Clayton  counties.  Th3ir  combined  thickness, 
according  to  Norton',  is  about  303  feet.  Calvin,  in  his  report  on 
the  geology  of  Allamakee  Countj%  states  that  a  bed  of  light  col- 
ored shale  is  exposed  in  the  road  cutting  near  the  northeast  cor- 
ner of  the  upland  portion  of  the  county,  about  two  miles  from 
New  Albin.  The  shale  lies  about  200  feet  below  the  summit  of 
the  Saint  Croix  and  doubtless  may  be  referred  to  the  Saint  Law- 
rence beds.  No  attempt  has  been  made,  so  far  as  known,  to  util- 
ize the  shale  commercially.  The  general  dip  to  the  south  and  west 
carries  the  beds  below  the  stream,  and  no  further  exposures  are 
known. 

ONEOTA  LIMESTONE. 

The  Oneota  limestone  extends  from  Winneshiek  through  Alla- 
makee into  Clayton  county.  The  formation  consists  largely  of  the 
massive  dolomite  divided  by  a  medial  sandstone  supposed  to  be 
the  e(iuivalent  cf  the  New  Richmond  of  the  Minnesota  and  Wis- 
consin geologists.     The  upper   dolomite  member  often  becomes 
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argillaceous  near  its  summit  Such  shale  layers  are  repoit?d  by 
Professor  Calvin  in  his  Allamakee  County  report,  but  the  beds 
lack  persistence  and  are  not  of  sufficient  thickness  to  warrant 
their  development  on  a  commercial  scale. 

SAINT  PETER  SANDSTONE. 

As  the  name  implies,  the  Saint  Peter  is  constituted  almost 
wholly  of  a  clean,  well  weather-worn,  white  sand  but  slightly  in- 
durated. The  outcrops  of  the  Saint  Peter  are  confined  to  Win- 
neshiek,  Allamakee  and  Clayton  counties.  While  certain  beds 
of  passage  from  the  Sain/t.  Peter  to  the  Tnenton  limestone  become 
more  or  less  argillaceous  in  character,  no  shales  or  clays  appear 
in  the  surface  exposures. 

THE  GALENA-TRENTON. 

The  Galena-Tiienton  comprises  the  lower  limestone  series  often 
grading  downward  into  a  fissile  blue  or  green  shale  with  inter- 
calated! shales  of  less  importance  throughout;  and  an  upper 
massive  dolomitic  member  ofteni  designated  the  Galena-Trenton 
becausie  it  contains  most  of  the  workable  lead  deposits  of  the  Iowa- 
Illinois- Wisconsin  area.  The  Galena^Trenton  extends  from 
Howard  to  Dubuque  and  Jackson  counties  and  comprises  con- 
siderable areas  in  Winneshiek,  Allamakee  and  Clayton  counties. 
The  principal  outcrops  are  confined  to  tlie  Mississippi,  Upper 
lowa^  Yellow  and  Turkey  rivers  and  their  immediate  tributaries. 

AlUvmakee  County. —In  AUamakeie  county  the  shale  at  the  base 
of  the  Trenton  averages  five  to  six  feet  in  thickness  and  is  gener- 
ally overlain  by  rather  massive  beds,  ''The  Lower  Buff  Beds.'' 
The  same  may  he  seen  at  numerous  pcints  in  the  exceedingly  sin- 
uous line  that  marks  the  contact  of  the  Saint  Peter  sandstone  with 
1  the  Trenton.    It  is  well  exposed  on  the  road  leading  north  of 

AVaukon,  on  both  sides  of  Village  creek.    In  the  valley  of  Paint 
creek,  about  two  miles  below  Watukon,  it  appears  at  the  surface. 
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The  best  example  for  pottery  purposes  appears  in  the  valley  of 
a  tributary  of  Silver  creek  in  Makee  township.  The  Trenton 
contains  other  shaly  layers  which  are  generally  unimportant,  com- 
mercially, on  account  of  their  thinness  or  lack  of  persistency. 
The  most  im/portant  of  all  these  begins  about  forty  feet  above  the 
base  of  the  shales  and  continues  upwaird  some  thirty  feet.  It  is 
often  inter-stratified  with  thin  limestone  seams  which  are  highly 
fossiliferous.  The  shale  itself  may  be  rendered  useless  for  brick 
purposes  on  account  of  the  fossils  and  calcareous  concretions  it 
contains.  The  third  shale  horizon  occurs  near  the  top  of  the 
Trenton  and  is  perhaps  the  most  important  economically,  as  it 
attains  the  thickness  of  ten  to  twenty  feet  in  some  instances.  Ex- 
posures may  be  viewed  about  two  miles  north  of  Postville  and 
at  the  same  geological  level  ini  the  hillside  south  of  the  Yellow 
river.  This  seam  is  not  worked  in  Allamakee  county.  While 
outcrops  of  the  Trenton  shales  are  more  or  less  common  in  the 
counties  in  which  the  lower  Galena-Trenton  rocks  are  exposed, 
they  have  not,  as  yet,  been  utilized  in  the  manufacture  of  clay 
goods. 

THE  MAQUOKETA  SHALES. 

The  Maquoketa  comprises  a  series  of  beds,  mainly  shales  vary- 
ing much  in  color,  composition  and  texture,  and  attaining  a  nrnxi- 
mum  thickness,  according  to  Calvin,  of  200  feet  The  lower 
Maquoketa  is  made  up  of  lean  fissile  shales,  with  some  earthy,, 
non-laminated  beds  carrying  fossils.  The  upper  Maquoketa 
consists  of  plastic  clay  shales,  carrying  occasional  indurated,  fos- 
siliferous bands  near  the  top  and  passing  into  thin  layers  of  im- 
pure, earthy  dolomite,  'transition  beds",  to  the  Niagara  lime- 
stone. The  area  of  outcrop  of  the  Maquoketa  shales  forms  a  nar- 
row but  extremely  sinuous  zone  from  Jackson  county,  on  the 
south,  through  Dubuque,  Delaware,  Clayton,  Fayette,  Winneshiek 
and  Howard  counties,  to  the  north.    The  mosit  imiportant  expos- 
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urea  may  be  viewed  in  Dubuque,  Clayton  and  Fayette  counties. 
Clayton  County. — The  Maquoketa  shales  are  well  exposed  a 
mile  and  one-half  northeast  of  Elgin,  on  thie  northwest  quarter  of 
section  18,  in  Marion  township.  About  ten  feet  of  blue  shales 
are  exposed  here  in  a  ravine,  and  are  overlain  by  about  thirtj'  feet 
of  dolomite.  In  the  southern  portion  of  tlie  county  they  form 
the  valley  bottoms,  and  the  Maquoketa'  shale  may  be  seen  out- 
cropping in  what  is  known  as  "Newberry  Park,"  one  mile  and  a 
half  northeast  of  Strawberry  Point,  and  also  in  "Bixby's  Park," 
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one  mile  and  a  half  north  of  Edgewood.  At  both  of  these  points 
the  shale  is  gray-blue  and  fairly  plastic.  On  the  northeast  quar- 
ter of  section  33,  in  Sperry  township,  seventy  feet  of  blue  shale 
are  exposed  along  one  of  tlie  tributaries  of  Hewett  creek.  The 
ahale  outcrop  lies  from  forty  to  fifty  feet  below  the  Niagara  lime- 
stone.   The  upper  ten  feet  of  the  Maquoketa  contains  calcareous 
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beds,  highly  fossiliferous  but  below,  fifty  or  sixty  feet  of  almost 
pure  shale  occurs.    An  analysis  gave  the  following  results. 

Silica 52. 29 

Alumina 20.64 

Combined  water 5. 17 

Clay  and  sand 78.10 

Iron  oxide 5 .  16 

Lime    1.89 

Magnesia 1 .  12 

Potash 2.77 

Soda 8. 27 

Total  fluxes 19 .  21 

Moisture,  sulfur  trioxide  and  carbon  dioxide 2. 76 

RATIONAL  ANALYSIS. 

4 

Clay  substance 70.65 

Feldspar 2.57 

Quartz 26.78 

100.00 

The  analysis  shows  a  day  excellently  adapted  to  the  manu- 
facture of  all  of  the  oomanion  clay  wares,  but  when  taken  in  con- 
nection with  its  physical  properties,  it  is  especially  suited  to  the 
manufacture  of  hollow  ware. 

The  Maquoketa  shales  which  outcrop  along  Bear  creek  and  its 
tributaries  near  Edgewood  have  been  utilized  to  a  limited  extent 
in  the  manufacture  of  common  brick  and  tile.  Tlie  shale  becomes 
very  plastic  when  weathered  and  is  mixed  with  from  two  to  three 
times  its  bulk  of  loess.  As  a  rule,  the  shale  crops  are  quite  fully 
concealed  by  talus  and  tlie  Niagara  limestone.  The  top  of  the 
shale  is  some  200  feet  lower  than  the  town  of  Edgewood,  Some 
of  the  exposures  show  the  presence  of  from  fifty  to  sixty  feet  of 
workable  shale. 

A  chemical  analysis  shows  the  presence  of  more  of  tlie  lime 
and  magnesium]  carbonate  and  less  sodium  and  aluminum  than  in 
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the  sample  from  Newberry  Park.    The  oom-poeitioii  was  found 
to  be  as  follows : 

Silica 44.39 

Alumina 13.72 

Combined  water 12. 18 

Clay  and  sand 70.29 

Iron  oxldo 7  80 

Lime 7.88 

Magnesia 6.05 

Potash ^ 1.56 

Soda 5.29 

Total  flnzes 28.58 

Moisture 0.89 

RATIONAL  ANALTSia 

Clay  substance -   40.61 

Feldspar 4.62 

Quarts 28.00 

Lime  and  magnesium  carbonate 26. 77 

100.00 

Notwithstanding  the  high  percentages  of  lime  and  maignesium 
carbonates  present,  the  ware  when  properly  burned  is  strong  and 
gives  good  service. 

While  the  Maquoketa  occurs  in  Winneshiek  and  Howard  coun- 
ties, it  thins  materially  and  canies  an  iincreesed  percentage  of 
the  carbonates  and  has  not  been  utilized  eeonomacallv. 

Clinton  County.— The  Maquoketa  shales  show  numerous  expos- 
ures in  the  northeastern  corner  of  the  county.  One  of  the  best  of 
these  is  at  the  northern  limit  of  Lyons,  in  the  bluffs  just  to  the 
west  of  the  railroad  tracks.  The  Niagara  produces  a  perpen- 
dicular escarpment,  perhaps  fifty  feet  in  height,  and  contains 
chert  bands.  Within  six  feet  of  its  base  tlie  Maquoketa  appears 
nine  feet  above  the  track,  at  the  northern  end  of  the  bluff,  and 
has  been  dug  out  for  several  feet  below  the  track.  The  exposure 
is  perhajjs  sixty  feet  long,  and  the  pitch  is  approximately  one  foot 
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in  thirty.  A  short  distanoe  south  of  this  point  the  Niagara  ex- 
tends to  the  water  level  in  the  river.  From  Lyons  northward  to 
the  northeast  comer  of  Clinton  county,  the  shales  are  partly  ex- 
posed at  intervals  in  the  bluffs  along  the  river.  At  Elk  River 
Junction  theite  are  a  number  of  incomplete  outcrops  well  up  the 
slope.  The  shale  exposed  at  Lyons  is  blue  in  color  and  quite  hard 
when  unweatheredL  It  slakes  rather  readily,  and  on  exposure  to 
the  action  of  the  weather  becomes  quite  plastic.  The' clay  is 
highly  refractory  and  ought  to  mak'e  a  good  quality  of  the  ordi- 
nary wares.  In  the  manufacture  of  common  brick  and  drain  tile 
a  blend  composed  of  the  Mjaquoketa  shale  and  the  loess  might  be 
used  advantageously.  Some  attempts  have  been  made  to  use  the 
shales,  but  without  satisfactory  results. 

Delaware  County. — ^Exposures  of  the  Maquoketa  shales  are 
confined  to  the  extreme  northeast  comeri  of  the  county,  along  Lit- 
tle Turkey  river  and  Elk  creek,  one  of  its  tributaries.  No  satis- 
factory sections  are  available  because  of  the  heavy  Niagara  talus. 
The  beds  above  the  shale  exposed  at  what  is  known  as  *'Big 
Spring,  ^ '  in  the  southeast  quarter  of  the  northeast  quarter  of  sec- 
tion 3,  in  Colony  township,  are  as  follows : 


5 .  Steep  slopes,  sodded  over 

4 .  Nias:ara  limestone  in  thick ,  heavy  ledges 10 

3.  Transition  beds;  soft,  yellowish,  argillaceous  lime- 
stone, more  shaly  below,  and  becoming  more  cal- 
careous above,  in  thin  layers 25 

2.  Hardened  shale  in  two  to  four-inch  layers 1 

1.  Bluish  shale,  indurated,  composed  of  thin  laminae  and 

non-fosslliferous 4 

The  spring  issues  on  top  of  the  shale  and  is  230  feet  lower 
than  the  level  of  the  plateau  upon  which  Colesburg  is  built.  One- 
fourth  mile  below  the  spring  there  is  a  clay  pit  from  which  the 
Colesburg  Pottery  Gonnpany  obtain  their  clay.  The  pit  is  sixty 
feet  lower  than  the  spring,  and  there  is  an  almost  continuous  sec- 
tion of  shales  between. 
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A  chemical  analysis  of  the  Colesburg  shales  gives  the  follow- 
ing results: 

Silica 43.62 

Alumina 24.40 

Combined  water 12.41 

Clay  and  sand 80.43 

Iron  oxide 2.00 

Lime    3.39 

Magnesia    0. 18 

Potash 4  17 

Soda 6. 19 

Total  flaxes 15.93 

Moisture 3.85 

RATIONAL  ANALYSIS. 

Clay  substance 83.57 

Feldspar 7.60 

Quartz 8  83 

100.00 

The  Oolesbiirg  pottery  uses  a  fissile  gray-blue  shale,  which 
slakes  readily  and  becomes  fairly  plastic.  When  exposed,  it 
weathers  rapidly  to  a  yellowish-blue  plastic  clay.  At  present  the 
company  manufactures  only  flower  pots  and  plain  red  earthen- 
ware. 

On  account  of  the  relatively  low  percentage  of  silica  and  high 
percentage  of  strong  fluxes,  the  clay  bums  at  a  low  temperature, 
and  this  fact,  taken  in  connection  with  its  plasticity,  makes  it  emi- 
nently fitted  for  the  manufacture  of  hollow  building  block  and 
drain  tile,  uses  to  which  it  has  never  been  put. 

The  clay  is  broken  down  and  permitted  to  weather  through  the 
summer  months  and  hauled  during  the  winter  and  dumped  on  the 
ground  outside  of  the  factory  building.  It  is  prepared  for  use 
by  being  placed  in  a  tank  and  permitted  to  soak  two  or  three  days. 
The  soaked  clay  is  shoveled  into  a  vertical  pug  mill,  the  counter- 
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part  of  the  soft  mud  mill,  except  this  machine  is  dxiveii  by  gear- 
ing at  the  top.  The  clay  is  temipered;  to  a  rather  softly  plastic 
condition  and  then  passed  tiirough  a  pair  of  small  rolls.  Just 
before  pajssing  through  the  mill,  one-fourth  of  redder  brown  top 
clay  is  added  which  is  smd  to  make  the  body  work  better.  Pots 
ranging  from  one  and  three-fourths  to  seven  inches  in  diameter 
are  mlade  in  a  flower  pot  machine.  The  machine  consists  of  a 
lower  rapidly  revolving  horizontal  platform  in  the  center  of 
which  is  a  depression;  the  size  of  the  pot  to  be  made.  In  this 
depression  a  plimger  works  up  and  down,  up  when  ready  to 
receive  the  clay.  After  the  clay  passes  the  rolls,  it  is  fed  into  a 
small  horizontal  plunger  machine  with  two  dies.  As  the  clay 
issues  from  this  tube  it  is  cut  oflf  by  wires  stretched  in  a  wooden 
frame  into  diefinite  lengths  for  the  size  of  pot  desired.  The 
plunger  is  actuated  by  a  piston  from  the  engine.  The  largest 
pots  are  miade  in  a  potter's  jigger  or  jolly,  in  molds*,  the  day 
being  taken  directly  from  the  rolls.  The  ware  is  dried  on  two 
floors,  the  upper  of  which  is  slatted,  and  burned  in  a  small  up 
draft  kiln.  The  finished  product  is  shipped  largely  to  Dubuque, 
and  finds  a  ready  market 

Other  exposures  occur  along  the  streanD-ways  in  the  vicinity 
of  the  pit  of  the  Colesburg  pottery,  but  none  have  been  devel- 
oped. Well  sections  demonstrate  the  general  distribution  of  the 
shale  an.d  indicate  that  it  attains  a  thickness  of  ninety  feet. 

Dubuque  Coiaw^i/.— Professor  Calvin,  in  liis  report  of  the  geol- 
ogy of  Ihibuque  county,  separates  the  Maquoketa  into  two  well- 
defined  parts ;  the  upper  series  of  plastic  clay  shales  with  some 
indurated  fossiliferous  bands  near  the  top  grading  through  tran- 
sitional beds  composed  of  thin  layers  of  impure  earthy  dolomite 
into  the  Niagara  dolomite  above;  the  lower  beds  comprised  of 
lean,  fissile  shales  with  some  earthy  non-laminated  beds  carrying 
Orthoceras  and  other  fossils.  The  upper  beds  weather  more 
easily  than  tlie  lower,  readily  breaking  down  into  highly  plastic 
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clay,  and  yields  readily  to  the  olay-worker's  art  The  Maquoketa 
comprises  the  most  irreguIaiT  area  in  the  northeast  portion  of  the 
county,  while  a  small  area  exists  in  the  extreme  northwestern  cor- 
ner. From  fifty  feet  to  more  than  one  hundred  feet  of  fairly 
plastic  clay  shales  are  available,  but  are  not  readily  accessible 
save  at  a  few  points— at  Kidder  and  Graf,  on  the  Great  Western 


Fio.  41.    Haqooketa  shalM  WMt  or  Ormf. 

Railway,  and  at  Peosta,  on  the  Illinois  Central  Railway.  Usu- 
ally the  shales  are  overlain  by  the  Niagara  limestone  whose 
heavy  talus  would  render  the  development  of  the  shales  oommer- 
cially  unprofitable.  About  one-liaJf  mile  west  of  Graf  the  fol- 
lowing beds  may  be  observed  in  the  railway  cut: 

FBBT.      INCHES. 

5.    Shal«,  drabADd  black,  ud Fossil iferons 2 

4.     Shale,  brownlBb.   bard,  graiiatar,  noD-RssUe  and 

fosalliferoas    1         2 

3.    Shale,  drab,  fissile,  non-fossillferoas       1         4 

2.     Shale ,    variable    In     color,    texture ,    and   fissility; 

numerous  fossiliferous  bands 11 

1.     Shale,  brown  or  black,  noc-flselle;  fossils  rare 6 


aV2  THB   QEOLOOY   OF   CLAT8. 

The  liiglily  fossiliferous  layers  are  usually  more  or  less  cal- 
careous or  doloraitic,  and,  as  a  consequence,  unsuited  for  the 
manufacture  of  clay  wares. 

The  analysis  of  shales  developed  near  Kidder  gives  the  follow- 
ing results: 

Silica 42.53 

AIumlDa 16.83 

Combiaed  water 15.76 

Clay  and  sand 75. 12 

IroQ  oxide 5.66 

Lime 5.66 

Magoeiia 4.82 

Potash    3.70 

Soda 4.10 

Total  flu) 


topognphj  or  the  Msqnoketj 


The  clay  has  b?en  tested  at  Bueyrus,  Ohio,  andl  when  repressed 
makes  a  sinootli,  clierrj'  red  brick  of  excellent  strength  and  ap- 
pearance. The  clay  is  also  suited  for  potterj',  but  would  not 
prove  satisfacton-  for  pavers,  on  account  of  the  percentage  of 
flux^  present 
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Fayette  County.— 'i^ ear  the  town  of  Clermont,  the  Clermont 
Brick  &  Tile  Company  have  been  developing  shaJe  beds  near  the 
top  of  the  bluff  northeast  of  the  railway  station  and  overlooking 
the  town.  These  beds  were  formerly  supposed  to  belong  to  the 
Trenton  series,  but  recently  have  been  demonstrated  by  Professor 
Calvin  to  contain  a  Maquoketa  fauna.    The  section  is  as  follows : 

FBBT. 

3.     Surface  materials,  "jreest,"  of  varying  thickness.  0  to  5 
2.     Dolomitic    limestone,    rtibbly    above    and    heavy 
ledges  below,  cherty  throughout,  the  lower 
layers  become  slightly  arenaceous  to  shaly  at 

the  surface 15 

1.  Shale,  light-gray  to  blue-gray  above,  deeper  blue 
below.  Where  much  weathered  becoming  a 
plastic  clay  but  when  fresh  shows  fair  fissility, 
exposed 20 

The  base  of  the  section  is  more  than  one  hundred  feet  above  the 
terrace  upon  which  the  town  is  built. 

The  new  pit  is  along  a  ravine  where  the  limestone  has  been 
removed  by  erosion,  and  a  thin  veneer  of  highly  oxidized  siurfaoe 
materials,  the  *^geest,^'  rests  directly  on  the  shales  and  is  used 
to  a  considerable  extent  in  the  process  of  manufacture  to  give 
color  to  the  ware,  because  of  the  high  percentage  of  iron  it  con- 
tains. The  shale  burns  almiost  white  when  used  alone,  and  shows 
but  little  shrinkage.  Both  rational  and  ultimate  chemical  analyses 
were  made,  with  the  following  results : 

silica 28  82 

Alumina 10 .  37 

Combined  water 16.24 

Clay  and  sand 55 .  43 

Iron  oxide 3  76 

Lime 19.14 

Magnesia 5.40 

Potash 5.38 

Soda 7.41 

Total  fluxes 41.09 

Moisture 0.43 

Sulfur  trioxide 3.01 
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RATIONAL  ANALYSIS. 

Clay  substance 73  32 

Feldspar   4.93 

Quartz    21.76 

Total 100.00 

The  analyses  show  a  remarkably  high  percentage  of  the  alkalis 
and  alkaline  earths  and  consequently  a  low  percentage  of  silica 
and  aluindna. 

Winneshiek  County.— Frequent  outcrops  of  the  Maquoketa 
shales  are  known  to  occur  in  the  southeastern  one-third  of  the 
county.  One  of  the  most  important  sections  may  be  observed  in 
the  vicinity  of  Fort  Atkinson,  on  the  southwest  quarter  of  the 
west  half  of  section  18,  in  township  96  north,  range  9  west.  A 
tough  blue  shale  is  exposed  in  the  bed,  and  on  the  bank  of  a  small 
tributary  of  Turkey  river.  Tlie  shale  rises  eight  feet  above  the  wa^ 
ter  and  is  known  to  continue  below  the  stream  bed.  Occasional  py- 
ritic  concretions  and  one  or  two  thin  seams  of  hard  rock  are  the 
only  impurities.  The  shale  is  but  slightly  siliceous,  slakes  slowly 
and  is  suitable  for  the  common  grades  of  brick  and  hollow  ware. 
The  exposure  is  about  three- fourths  of  a  mile  from  the  Chicago, 
Milwaukee  &  St  Paul  railway.  Shales  very  similar  to  the  above 
are  shown  in  the  southwest  quarter  of  section  13.  The  principal 
outcrops  are  about  two  hundred  yards  away  from  the  railroad. 
The  surface  features  indicate  that  the  shales  are  quite  extensive 
horizontally  and  lie  some  twenty  feet  above  the  branch.  In  this  vi- 
cinity a  finely  siliceous  clay  may  be  observed  which  has  been 
tested  and  found!  to  be  a.  good  polishing  material.  The  clays  in 
sections  18  and  13  were  tested  by  Mr.  F.  R.  Goddard  with  satis- 
fectory  results.  In  addition  to  the  localities  mentioned,  the  Ma- 
quoketa shales  appear  at  various  other  points  in  this  portion  of 
the  county.  They  may  be  observed  just  beneath  the  Niagara  at 
a  point  considi^rably  above  the  level  of  Turkey  river,  about  one 
mile  northeast  of  Fort  Atkinson.     They  also    appear   directly 
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under  the  soil  about  one  and  one-half  miles  south  of  Calmar,  and 
at  intervals  alon^  Turkey  river  as  far  north  as  Spillville.  As 
yet  they  are  not  being  developed. 


The  Silurian. 

Indurated  rocks  referable  to  the  Silurian  cover  the  larger  por- 
tions of  Fayette,  Delaware,  Dubuque,  Jones,  Jackson,  Cedar, 
Clinton  and  Scott  counties.  Lesser  areas  may  be  found  in  Win- 
neshiek, Clayton,  Buchanan,  Linn,  Johnson  and  Muscatine  coun- 
ties. The  rooks  representing  the  Silurian  system  are  prevailingly 
dolomites.  While  certain  of  the  beds  near  the  base  of  the  series 
display  some  tendency  to  split  into  thin  layers,  no  clay  shales  or 
shales  occur  in  this  system.  Instead  of  •supporting  clay  industries, 
the  Silurian  dolomites  furnished  more  than  four-fifths  of  the  lime 
and  one-half  of  the  building  stones  produced  in  the  state. 

Devonian. 

The  Devonian  period  was  inaugurated  and  closed  by  conditions 
favorable  to  the  deposition  of  clays  and  shales.  The  lower  argil- 
laceous beds  in  the  Devonian  are  known  as  tlie  Independence 
shales  and  are  referred  to  the  Wapsipinicon  stage.  These  shales 
show  limited  outcrops  in  Cedar,  Linn  and  Buchanan  counties, 
near  the  contact  with  the  Silurian.  The  shales  attain  a  thickness 
of  twenty  feet,  are  dark  colored,  often  alternating  with  tliin  lay- 
ers of  limestone.  Ocoafiionally  the  shales  are  highly  carbon- 
aceous and  contain  plant  remains,  some  of  which  have  been  trans- 
formed into  true  coal.  Tlie  beds  are  of  no  economic  importance 
on  account  of  their  varying  cliaracter  and  inaccessibility. 

The  upper  shaly  member  is  of  much  greater  importance  and 
belongs  to  the  Lime  Creek  stage.  The  Lime  Creek  shales  are 
typically  developi3d  along  Lime  creek,  in  Cerro  Gordo  and  Floyd 
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countiea  Important  exposures  appear  at  Rockford  and  Mason 
City,  and  at  numerous  points  between.  The  beds  are  being  com- 
mercially exploited  at  both  points. 

Cerro  Gordo  County.— At  Hackberry  Grove,  on  the  northwest 
quarter  of  section  35,  in  Portland  township,  the  following  sec- 
tion may  be  viewed. 

FBBT. 

4.  Brown,  yellowish-brown  and  gfray  limestone  in  several 
layers,  fossiliferous,  fossils  similar  to  those  contained 
in  underlying  shale 4 

3.  Shales,  yellowish,  very  calcareous  with  bands  of  shaly 
limestone,  weathering  partly  into  clay  and  partly 
into  small  chips  or  nodules,  very  rich  in  beauti- 
fully preserved  fossils 20 

2.  Shales,  yellowish,  argillaceous,  weathering  as  does  the 

blue  clay  below  and  free  from  fossils 10 

1.  Shales,  bluish,  argillaceous,  weathering  into  a  smooth, 

plastic  clay,  unfossiliferous 40 

The  Lime  Creek  shales  are  most  vigorously  exploited  at  Mason 
City.  The  pit  of  tlie  Mason  City  Brick  and  Tile  Company  shows 
the  following  sequence : 


4.  Drift  (lowan) 0  to  2 

3.  Shale,  non- fissile,  arenaceous  and  stained  a  dark  yel- 
low. An  indurated  ledge  of  dolomite  occurs  in 
places 2 

2.  Shale,  clayey,  yellow,  often  deeply  stained  along  the 

ioints 10 

1.  Shale,  blue,  exposed 12 

Numbers  1  and  2  are  gypseous,  small  crj^stals  occurring  in  tabu- 
lar form  or  in  rosettes,  along  the  joints.  Both  beds  are  extremely 
plastic  and  remarkably  well  adapted  for  the  manufacture  of 
drain  tile  and  hollow  building  block.  The  clay  bums  to  a  light 
red  color  and  fuses  at  a  low  tenvperature.  An  analysis  of  the 
blue  clay  was  made  with  the  following  results: 

Silica    54  64 

Alumina 14  62 

Combined  water 3  74 


Clay  and  sand 73.00 


PutbZTI.    Bhale  pit  otUuanOltr  Brlak  and  Tile  Ooiiipui7.    The  dsrk  layer  >bov« 


reafdiul  allieeoiu  dolomite,  Hiaon  Oltj,  lows. 


I  Oompany. 
luon  Oltr.  I 
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Iron  oxide 5.69 

Lime 5.16 

Mag^nesia 2.90 

Manganese  oziie 0.76 

Potash 4.77 

Soda 1.12 


Total  fluxes ^ 20  40 

Moisture 0.85 

Two  other  plants  located  at  this  place  are  using  the  Lime 
Creek  shales.  The  American«  Brick  and  Tile  Company  opened  a 
pit  about  one^half  mile  west  of  the  above  pit  An  analysis  of  the 
clay  used  gave  the  following  results : 

Silica 51.95 

Alumina 18.34 

Combined  water 7.39 


Clay  and  sand 77.68 

Iron  oxide 7.56 

Lime 4 .  14 

Magnesia 3.26 

Potash 1.43 

Soda. 2.69 


Total  fluxes 19.08 

Moisture 0.42 

Sulfur  trioxide 2.76 

RATIONAL  ANALTSia 

Clay  substance 47. 08 

Feldspar 6.98 

Quartz 41 .  45 

Calcium  sulfate 4.49 


100.00 

The  aggregate  of  fluxes  is  comparatively  high  in  both  analyses, 
and  accounts  for  their  low  fusion  point.  The  presence  of  a  lib- 
eral amount  of  the  carbonaites  tends  to  neutralize  the  coloring 
effect  of  the  iron  and  makes  the  range  between  incipient  and 
complete  fusion  very  small.  Considerable  care  is  necessary  in 
burning  to  avoid  fused  pockets  in  the  kiln  and  yet  insure  suf- 
ficient burning  to  prevent  slaking  when  exposed  to  the  action  of 
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wetting  and  drjing.  Some  attempts  have  been  made  to  manu- 
facture sewer  pipe,  but  the  lower  plastic  clays  will  not  stand  a 
sufficiently  liigh  temri)erature  to  make  salt  glazing  a  possibility. 
In  the  pit  of  the  Mason  City  Briok  and  Tile  Company  the  plastic 
shales  dip  to  the  southwest,  and  beds  of  residual  siliceous  dolo- 
mite appear.  The  residuum  exerts  a  beneficial  influence  when 
added  to  the  shales  in  all  of  the  processes  of  manufacture,  and 
greatly  extends  the  range  of  temperature  between  inciijient  and 
complete  fusion,  in  addition  to  making  the  ware  nmch  more  re- 
fractor)-.   It  is  possible  that  a  proper  blending  of  the  shale  and 


fio.  U.    Plant  or  the  Araerioan  Brick  and  Tile  OomiHuir,  Muon  Clt;,  low*. 

residuum  may  give  a  body  suitable  for  the  manufacture  of  paving 
brick  and  sewer  pipe.  Large  tile  are  made  in  a  sower  pipe  ma- 
chine and  are  used  for  culverts  od  the  public  highways. 

The  Limie  Creek  shales  disappear  from  view  west  of  Mason 
City  and  are  not  known  to  be  accessible  below  Rockford.  In  the 
pit  of  the  Mason  City  Brick  and  Tile  Company  they  have  an 
appreciable  dip  to  tlie  sontliwest  and  are  soon  carried  below 
working  limits. 

Floyd  County. — The  Lime  Creek  shales  occur  more  or  less 
interruptedly  from  Mason,  City,  in  Cerro  Gordo  county,  to  below 
Boekford,  in  Floyd  countj'.    The  most  important  exp-ifures  ap- 
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pear  on  the  soutli  side  of  the  creek.  The  pit  of  the  Cream  City 
Brick  and  Tile  Factorj^,  west  of  Rockford,  shows  the  following 
sequence : 

fAet. 
7.  Drift,  variable  in  thickness,  almost  absent  in  the  bluffs 

near  the  river 1-4 

6.  Limestone,  marly  with  occasional  hard  ledges 8 

5.  Shale,  clayey,  weathered  zone,  yellow,  lower  portion 
jointed,  joints  deeply  stained  a  yellowish-brown, 
clay-ironstone  concretions  containing  calcite  crys- 
tals not  uncommon,  limonite  pseudomorphs  after 

pyrite  are  common  above 10 

4.  Shale,  clayey,  green ish' gray  to  greenish-yellow  ...   .       10 
3.  Shale,  deep  blue  when  wet  and  gray-blue  when  dry, 

more  or  less  fissile 8 

2 .  Shale,  as  above  but  non-fissile 8 

1.  Shale,  clayey,  gray,  finely  arenaceous,  burns  a  creamy 

white  (exposed) 5 

According  to  a  drill  section  in  the  immediate  vicinity,  the 
shales  and  clays  continue  down  about  forty  feet  below  the  base 
of  the  section.  All  of  the  beds  are  relatively  high  in  lime  and 
other  alkaline  fluxes.  Number  1  shrinks  but  little  during  burn- 
ing, and  can  be  fused  witli  difficulty.  Brick  mlanufactured  from 
this  seam  show  considerable  resilience  when  struck  with  a  ham- 
mer, and  are  very  tough.    Its  chemical  composition  is  as  follows : 

Silica 58.33 

Alumina :...     15.54 

Combined  water *. 3.47 


Clay  and  sand 77.34 

Iron  oxide 3.84 

Lime 9.42 

Magnesia 3.03 

Potash 1.19 

Soda 1.76 


Total  fluxes 19.24 

Moiatnre 0*42 

Carbon  dioxide 2.02 

Sulfnr  trioxide 1 .  10 


26 
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RATIONAL  ANALYSIS. 

Clay  substance 64.47 

Feldspar 11.13 

Qaarte 18.67 

Calcium  sulfate  and  magnesium  carbonate 5.73 

All  of  the  beds  below  the  marly  layers  are  utilized.  A  wide 
varietj''  of  the  coimnoii  wares  are  manufactured!  omi  a  small  scale. 
No  attempts  have  been  made  to  develop  the  shales  at  any  other 
point  in  the  county. 

Franklin  County.— The  Lime  Creek  shales  of  the  Devonian 
are  believed  to  constitute  the  indurated  surface  rocks  over  about 
one-third  of  tlie  county.  So  far  as  known,  the  shales  are  exposed 
at  but  a  single  |x>int.  About  half  a  mile  south  of  the  station  at 
Sheffield  the  following  section  may  be  viewed: 

FSBT. 

4.  Shale,  buff  to  yellow,  slightly  gritty 6 

3.  Shale,  brownish  to  red 6 

2.  Shale,  blue 21 

1.  Limestone  (not  exposed) 

Number  2  is  not  wholly  exposed,  but  its  thickness  has  been 
determined  by  boring.  In  the  railroad  cut  just  east  of  the  yard 
a  brownish,  earthy,  siliceous  limestone  is  exposed  at  a  level  cor- 
responding to  the  top  of  number  4.  It  is  fromi  one  to  four  inches 
thick  and  is  fossiliferous.  Occasionally  calcareous  concretions 
occur  in  the  upper  portion  of  number  4  in  the  section,  but  not  in 
sufficient  quantity  to  give  serious  trouble.  The  clay  has  not  been 
extensively  developed  as  yet,  and  common  brick  and  drain  tile 
are  the  only  products  put  upon  the  market. 

Carboniferous  Period. 

.  Practically  all  of  the  great  formations  of  the  Carboniferous 
contain  shales  or  shale  clays  of  economic  importance.  Of  these, 
the  Kinderhook  and  the  Coal  Measures  afford  the  most  bountiful 
supplies.     Rocks  referable  to  the  Carboniferous  comprise  the 
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indurated  rocks  over  nearly  one-half  of  the  surface  of  the  state. 
The  period  mlay  be  divided  into  two  parts,  the  Lower  Carbonifer- 
ous beds,  which  are  prevailingly  calcareous  in  character,  and  the 
Upper  Carboniferous,  in  which  arenaceous  and  argillaceous  den 
posits  predominate,  with  important  limestone  bands  in  the  upper 
portion.  The  latter  division  contains  all  of  the  workable  coal  in 
the  state.  On  account  of  the  abundaoice  of  raw  material  suitable 
for  the  manufacture  of  clay  wares,  and  cheap  fuel,  the  Upper 
Carboniferous  or  Coal  Measures  constitute  the  most  important 
formation  to  the  clay  worker  in  the  state. 

The  Lower  Carboniferousi  comprises  a  belt  averaging  from 
thirty  to  forty  miles  in  width  and  extending  diagonally  across  the 
state  from  Klossuth  and  Winnebago  counties,  on  the  north,  to  Des 
Moines  and  L^  counties,  on  the  south.  Narrow  strips  have  been 
laid  bare  by  the  lower  courses  of  the  Skunk  and  Des  Moines  riv- 
ere,  and  unimportant  detached  areas  appear  in  Str;ry  and  Web- 
ster counties.  Three  stages  represent  the  Lower  Carboniferous  in 
Iowa — the  Kinderhook,  Augusta  and  Saint  Louis. 

THE  KINDERHOOK. 

The  Kinderhook  rests  unconformably  on  the  De-v  onian,  and  in 
southeastern  Iowa  comprises  a  heavy  shale  member  with  impor- 
tant calcareouis  beds  above.  The  upper  member  often,  assumes  a 
decidedly  oolitic  facies.  In  central  and  northern  Iowa  the  shale 
member  thins  rapidly  and  the  assemblage  of  beds  as  a  whole 
takes  on  a  decidedly  calcareous  character.  The  shale  outcrops 
are  confined  to  the  Mississippi  river  and  immediate  vicinity. 

Des  Mames  County.— The  Kinderhook  shales  attain  a  thick- 
ness of  about  150  feet  and  are  more  extensively  exposed  liere  than 
in  any  other  portion  of  the  state.  About  seventy  feet  of  the  argil- 
laceous beds  lie  above  the  water  in  the  Mississippi  river.  Almost 
a  continuous  outcrop  extends  across  the  county,  along  the  bottom 
of  the  Mississippi  escarpment,  occasionally  extending  some  dis- 
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tance  up  somie  of  the  laxger  creeks.  The  sbale  belt  is  narrow  and 
generally  overlain  by  scarps  of  miore  highly  indurated  lime- 
stones. The  Kinderhook  section  as  viewed  at  Prosi)ect  Hill,  at 
Burlington,  is  as  follows: 

FBBT. 

6.  Limestone,  buff,  soft,  sandy  locally 5 

5.  Limestone,  white,   oolitic. 3 

4.  Sandstone,  yellowish,  soft,  fine-grained  fossiliferous      6 

3.  Limestone,  argillaceous,  fine-grained,  often  with  an 

oolitic  band  in  the  bed  of    impure  limestone 
at  base 18 

2.  Sandstone,  yellowish,  soft,  friable,  clayey 25 

1 .  Shale ,  blue ,  argillaceous ,  exposed 60 

At  Cascade,  immediately  south  of  Burlington,  the  shales  have 
been  developed  quite  extensively  in  the  manufacture  of  common 
brick  and  paving  brick,  by  the  Granite  Brick  Company.  The 
small  stream  has  uncovered'  a  considerable  area  of  shales,  so  that 
open  pit  work  is  possible.  The  pit  and  adjoining  bluffs  present  an 
extensive  section  to  view.    The  detailed  section  is  given  below. 

FHKT. 

8.     Loess,  deeply  iron-Stained iO 

7 .  Limestone,  cherty 2 

6.  Limestone,  white  to  brown ,  variegated 10 

5.  Sandstone ,  fine-grained  to  argillaceous 3 

4.  Limestone ,  hard ,  fine-textured 12 

3.  Sandstone,  fine-grained ,  argillaceous 25 

2.  Shale,  very  compact  and  massive,  highly  siliceous; 

,  '  sandy  below 14 

r  1.     Shale,  massive,  dark-blue  to  blue-black,  exposed. .     16 

Numibers  1  and  2  in  the  above  section  are  utilized  in  the  manu- 
faicture  of  clay  goods.  Both  are  highly  siliceous  and  are  only 
mioderately  plaistic.  Well  sections  and  borings  indicate  that  the 
shales  extend  from  seventy-five  to  one  hundred  foet  below  the 
level  of  the  water  in  the  river.  The  analyses  of  numbers  1  and 
2  give  the  following  results: 
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1.    TOPCLAl 

Silica 77.39 

Alumina 5.16 

Combined  water 1.46 

Clay  and  sand 84.01 

Iron  oxide 2.40 

Lime 3.6S 

Magnesia 3.13 

Potash 1.44 

Soda 2.79 

Total  fiuxes 13.41 

Molstnre 0.13 

Salfar  tnoxide 1 .  44 

Carbon  dioxide 

BATIOKAL  ANALYSIS. 

Clay  snbsUnce 24.92 

Feldspar 19.64 

yuarU 51.39 

Calclam  sulfate 2.21 

Magnesium  carbonate 1.84 

Total 100.00 


71.78 
11.41 
0.67 


3.80 
0.86 
0.78 


0.42 
1.25 
3.0Z 


35.82 
14.18 
42.14 
2.00 
5  76 
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le  OrsDite  Brick  Companr,  BarUngtoii 
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The  lower  clay  is  less  siliceous  and  contains  less  of  the  soda 
and  i)otash  but  higher  percentages  of  lime,  nuagnesia  and  alum- 
ina. Both  contain  high  percentages  of  uncx>mbined  silica  or 
quartz  and  are  relatively  low  in  clay  substance;  facts  which 
account  for  their  low  plasticity. 

The  ware  bums  a  mottled  gray-brown  and  becomes  very  hard. 
The  fusion  temperature  is  comparatively  high,  and  the  shrinkage 
is  relatively  small  during  both  drying  and  burning.  The  lower 
clay  is  decid^edly  more  argillaceous  than  the  upper,  as  may  be 
noted  by  the  rational  analysis. 

While  the  Kinderhook  shales  outcrop  at  numerous  points  in 
the  county,  they  have  not  yet  been  developed  away  from  Burling- 
ton. On  account  of  the  relative  ease  with  which  tliey  are  eroded, 
as  compared  with  the  more  resistant  limestones  above,  the  shale 
crops  are  limited  to  a  narrow  zone  along  the  Mississippi  and  its 
larger  tributaries.  Their  extensive  development  is  i)0ssible  in 
the  stneaan  valleys  or  by  mining.  Away  from  Burlington  and 
immediate  vicinity,  a  section  on  Oafc  creek,  at  a  point  where  the 
creek  breaks  through  into  the  Mississippi  valley  proper,  may  be 
taken  as  fairly  representative.  The  following  sequence  may  be 
observed: 

FBBT. 

5.     Loess 8 

4.     Drift 4 

3r,     Limestone,  buff  and  white,  heavily  bedded  below, 

passing  into  siliceous  shales  above 35 

2.     Shale,  buff,  sandy,  forming  incoherent  sandstone 

in  places 10 

1.    Shale,  blue,  exposed 20 

Lee  County. — The  Kinderhook  shales  dip  rapidly  below  Bur- 
Uilgton  and  are  carried  below  the  water  in  the  river  before  Lee 
county  is  reached.  They  appear  in  the  bed  of  Spring  creek  a 
httle  more  than  a  mile  north  of  the  Des  Moines-Lee  county  line. 
But  a  single  exposure  is  known  within  the  confines  of  the  county, 
and  that  is  along  the  Skunk  river,  near  the  bridge  on  the  Kansas 
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City  division  of  the  C,  B.  &  Q.  Ry.  At  Keokuk  the.  shales  lie 
130  feet  below  low  water  mark,  which  appears  to  be  their  lowest 
point  between  Burlington  and  Hannibal,  in  Missouri. 

It  is  apparent  that  the  Kinderhook  shales  can  be  utilized  exten- 
sively only  by  meansi  of  shafting  and  mining.  This  has  been 
done  to  a  limited  extent  by  the  J.  C.  Hubinger  Brick  Works,  a 
plant  which  has  not  been  in  operation  for  somie  years. 

Outside  of  Des  Moines  and  Lee  counties,  the  Kinderhook  shales 
have  never  been  exploited,  although  they  lie  within  easy  reach 
for  mining  operations.  In  Louisa  county  the  shales  can  be  recog- 
nized at  a  number  of  points  in  the  channels  of  the  small  streams 
which  are  tributary  to  the  Iowa  rivler.  The  most  important  ex- 
posure known  may  be  observed  just  soutli  of  Elrick  Junction,  on 
the  east  bank  of  Smith  creek.    The  sequence  is  as  follows: 

FBBT. 

6.  Limestone  irregularly  bedded  and  leached;  variable 
thickness. 

5.  Concealed 10 

4 .  Sandstone ,  fine-grained ,  soft 3 

3.  Shale,  soft,  blue,  unctuons 9 

2.  Shale,  dark,  carbonaceous 1 

1.  Shale,  blue,  with  thin  seams  of  calcareous  material  6 

No  exposures  of  the  shale  are  known  beyond  the  limits  of 
Louisa  to  the  northwest.  In  Marshall  county,  near  LeGrand,  the 
Kinderhook  shales  are  reached  at  about  ten  feet  below  tlie  water 
level  in  the  Iowa  river.  The  beds  dip  to  the  west,  and  at  Mar- 
shalltown  are  reached  at  about  150  feet  below  the  water  level. 

Woshlriffton  CowrUy.—The  Kinderhook  beds  comprise  the  sur- 
face indurated  rocks  over  the  northeni  and  easitem  portion  of  the 
county.  Outcrops  occur  on  the  South  English  as  far  west  as  Was- 
sonville  mill,  north  of  Wellman.  Good  exposures  may  be  viewed 
at  this  point,  as  well  as  at  Maple  mill,  Kalona  and  Riverside. 
The  Kinderhook  also  occurs  on  Goose  creek,  south  of  Riverside, 
and  doubtless  underlies  the  drift  and  wash  along  the  Iowa  river. 
Perhaps  the  most  typical  section  may  be  observed  at  Maple  mill. 
The  sequence  exposed  is  as  follows : 
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FBBT. 

4.  Limestone,  earthy,  ferruginous  and   arenaceous  in 

places;  fine-grained,  with  thin  chert  layers 10 

3.  Gritstones,  fine-grained,  white  to  buff,  fossiliferous    18 
2.    Limestone,  drab,  hard,    unfossiliferous i 

I.  Shale,  argillaceous,  dark  blue  to  drab 12 

The  basal  shale  may  be  traced  almost  continuously  from  this 
point  southeast  to  tlie  base  of  the  section  at  Burlington.  It  is 
suitable  for  struictural  brick  and  Jiollow  ware  and  would  probably 
yield  a  fair  grade  of  paving  brick.  Some  of  the  exix>sures  are 
fairly  accessible  but  have  not  been  explored. 

THE  AUGUSTA. 

shales  are  not  especially  important  in  tlie  Augusta,  but  near 
its  southern  extension  in  the  state,  notably  in  Lee  county,  certain 
beds  are  sufficiently  argillaceous  to  merit  attention.  The  most 
important  section  is  about  two  miles  below  the  Union  depot  in 
Keokuk,  where  the  following  sequende  of  beds  may  be  viewed : 

FHST. 

17.     Drift 30 

16.     Shale,  gray,  clayey 2 

15.     Sandstone,   ferruginous 1 

14.     Shale,    black,    fissile,    filled   with  small  nodular 

concretions 3 

13.     Coal IH 

12.     Fire  clay  and  shale  passing  into  a  coarse  quartzose 

sandstone }4 

II.  Limestone,  brecciated,  interstices  filled  with  green 

clay;  variable  in  thickness 20 

10.     Sandstone,   massive,   blue,    calcareous,  weathers 

brown;  fiae  to  coarse-grained 8 

9.     Shale,  blue,  argillaceous 10 

8.     Limestone,  coarse,  irregular,  fossiliferous 3 

7.     Shale ,  blue,  becoming  somewhat  friable  in  weather- 
ing       4 

6.     Limestone,  blue  and  brown,  magnesian,  irregular 

in  development 3 

5.  Shale,  argillo-calcareous,   breaking  down  readily 

to  a  yellowish  clay 18 

4.  Shale,    calcareous,   with  bands   of    chert,     and 

irregular  layers  of  thin  bedded,  gray  limestone, 
which  are  increasingly  prevalent  toward  the 
base 14 
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3.     Shale,  blue yi 

2.      Limestone,     blue,     encrinital,     coarse-grained, 
composition  and  stratification   somewhat  var- 
iable, nodular  chert  in  considerable  quantity.     12 
1.     Limestone,   blue,   encrinital;    "White  Ledg:e*'  of 

quarry  men 4 

Of  the  above  section,  numbers  1  to  9,  inclusive,  are  referred  to 
the  Augusta.  At  the  mouith  of  Soap  creek,  fromi  12  to  15  feet  of 
shale  are  exposed  near  the  top  of  the  section.  These  shales  out- 
crop at  numerous  points  along  Soap  creek,  and  have  been  util- 
ized to  a  limited  extent  by  the  Hubinger  Brick  Works,  but  with- 
out marked  success.  The  shales  are  prevailingly  calcareous  and 
low  in  plasticity.  The  expenee  for  stripping  and  wasting  away 
the  unusable  portions  in  the  manufacture  of  clay  goods  adds 
greatly  to  the  cost  of  production  and  renders  the  use  of  the 
Augusta  shales  oonmuercially  unprofitable.  [While  the  Augusta 
beds  cover  considerable  areas  in  Des  Moines,  Heniy,  Louisa, 
Washington  and  Keokiik  counties,  the  shale  member^'  are  unim*- 
portant  and  at  no  plajce  have  they  been  developed  for  clay  manu- 
factures. 

THE  SAINT  LOUIS. 

No  workable  beds  of  shales  or  clays  are  known  to  belong  to 
the  Saint  Louis  in  Iowa.  Certain  argillaceous  beds  have  been 
referred  to  this  stage  of  the  carboniferous,  but  none  are  suf- 
ficiently pure  to  warrant  exploitation  for  brick  and  tile. 

THE  COAL  MEASURES. 

Nearly  one-third  of  the  superficial  area  of  the  state  is  occu- 
piedi  by  the  Coal  Measures^  which  suipply  am  almost  inexhaustible 
storehouse  of  raw  miaterials  suitable  for  the  manufacture  of  the 
various  grades  of  clay  wares.  The  Coal  Measures  comprise  a 
complicated  series  of  sandstones,  shales,  limestones  usually  more 
or  less  argillaceous,  and  occasional  seams  of  coal,  all  intimately 
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interbedded  and  giving  place  one  to  another,  botii  laterally  and 
vertically,  in  a  most  confusing:  way.  The  argillaceous  beds 
greatly  predominaite,  and  show^  a  widb  range  in  color  and  composi- 
tioo  and*  a  great  diversity  of  textures  and  sitruotures.  They  may 
be  grouped  somewhat  arbitrarily  into:  (1)  argillaceous,  (2) 
arenaceous,  (3)  carbonaceous,  or  bituminous,  and  (4)  calcareous 
varieties. 

While  the  types  are  fairly  distinct,  there  is  no  sharp  line  sep^ 
arating  one  from  another.  By  the  gradual  addition  of  fine  sand  ^ 
the  shales  merge  insensibly  into  sandy  shales,  shaly  sandstones 
and  fimally  into  sandstones.  Siomlarly,  in  many  instances  the 
shales  contain  some  lime,  and  are  known  as  calcareous  shales, 
and  may  grade  into  m<arly  or  argillaceous  limestone  and  even 
limestone,  as  the  lime  content  increases.  Many  of  the  dark  col- 
ored shales  contain  a  considerable  amount  of  organic  matter, 
from  which  their  color  is  due,  and  are  known  as  carbonaceous  or 
bituminous  shales,  and  merge  finally  into  impure  coal.  These 
transitions  not  only  take  place  laterally  in  the  same  horizon,  but 
vertically  from  one  layer  to  another.  The  argillaceous  shales,  or 
true  shale  clays,  are  prevailingly  light  colored,  the  mjosit  common 
colors  being  shades  of  gray  and  blue  and  combinations  of  the 
two.  They  range  from  the  almost  white  to  ash-gray  fire  clays  to 
the  deep  blues  andl  their  weathered  counterparts,  the  red-browns. 
The  fire  clays  usually  form  the  underclays  for  the  principal  coal 
seams;  occasionally  the  coal  seam  is  absent  and  a  carbonaceous 
shale  only  appears.  Fire  clays  usually  show  no  stratification  or 
other  structural  features,  and  are  non-fissile,  but  all  those  known 
to  occur  in  the  Coal  Measures  of  Towa  are  highly  plastic.  Fire 
clays  are  believed  to  be  the  old  soils  which  produced  the  vegeta- 
tion now  preserved  as  coal,  and.  aire  leached  of  most  of  their  solu- 
ble constituents,  notably  the  alkalis,  soda,  potash,  lime  and  mag- 
nesia, and  their  iron  constituents.  These  constituents  constitute 
the  fluxes,  because  they  fuse  at  low  temperatures,  and  clays  which 
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are  low  in  fluxes  are  resistant  to  fire,  hence  the  name  '* fire  clays". 
The  more  complete  has  been  the  leaching,  tlie  more  resistant  are 
the  clays  and  the  less  do  they  shrink  during  the  process  of  burn- 
ing. Highly  siliceous  fire  clays  somiewhat  granular  in  texture 
are  known  as  gannister,  and  aie  used  in  the  manufacture  of  glass 
pots  and  other  ven^  refractory  wares.  The  fire  clays  usually 
bum  a  light  color,  because  of  the  partial  loss  of  iron,  which  is  the 
great  ooloiing  agent  in  clays.  Iowa  fire  clays  vary  in  thickness 
from  a  few  inches  to  four  or  five  feet,  and  are  prized  in  the  manu- 
facture of  the  higher  grade  wares,  such  as  face  and  fancy  brick, 
potterj^  terra  cotta  and  sanitary  wa.re. 

The  gray-bluie  and  blue-gray  shales  often  occur  in  beds  of  con- 
siderable tliickness,  and  are  quite  |)ersistent,  especially  in  the 
upper  Coal  Measures.  When  unweatliered,  these  shales  occur  in 
massive  beds,  the  bedding  planes  not  being  apparent,  and  are 
hard  and  tough.  When  subjected  to  weathering  agencies,  strati- 
fication lines  become  more  evident  and  the  beds  may  show  consid- 
erable fissility.  The  shalles  eventually  slake  down  into  an  unc- 
tuous, highly  plastic  mass.  Tlie  dark  blue  shales  are  usually 
denser  than  the  lighter  shades,  and  are  better,  adapted  to  the 
manufacture  of  vitrified  clay  wares.  The  clay  shales  often  carry 
impurities  which  are  detrimental  for  certain  uses.  Of  these,  the 
commonest  are  crystals  of  gypsum  and  iron  pyrites.  The  gyp- 
sum occurs  in  short  diamond-shaped  crystals  to  long  tabular 
forms.  Sometimies  two  crystals  are  grown  together  so  as  to  form 
a  ra-entrant  angle  and  thus  producing  the  so-called  **  swallow- 
tailed  twin."  Along  joint  planes  the  crystals  not  uncommonly 
assume  a  radial  arrangement  and  fonn  rosettes.  Gypsum  crys- 
tals are  easily  recognized  by  tlieir  light  color  and  transparency, 
the  readiness  with  which  they  break  into  thin  tablets  and  their 
softness.  They  can  be  scratched  easily  with  the  thumb  nail. 
Gypsum  does  not  usually  occur  in  sufficient  quantity  to  give  trou- 
ble, save  in  the  manufacture  of  fancy  wares  and  faced  goods. 
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Burning  drives  oflf  the  water  of  crystallization  and  **d€ad  bums" 
the  gypsum,  which  may  show  on  the  surface  as  soft,  white  spots. 

Iron  pyrite  is  most  coininon  in  the  darker  colored  shales,  espe- 
cially in  the  bituminous  varieties,  but  is  widely  distributed,  even 
in  the  lighter  shades.  It  occurs  in  granular  to  crj^stalline  aggre- 
gates, irregular  grains  and  cuboidal  crystals.  It  can  be  recog- 
nized easily  by  its  golden  yellow  color  and  great  hardness,  being 
harder  than  steel.  As  in  the  case  of  gypsum  iron  pyrite  is  not 
detrimental,  save  in  the  manufacture  of  certain  faced  wares.  In 
burning,  pyrite  serves  as  a  flux,  tending  to  roughen  and  mottle 
the  surface  by  the  production  of  dark-colored  slag  spots.  Iron 
pyrite  is  not  very  stable  under  atmospheric  conditions,  and  often 
changes  to  limonite  or  brown  iron  ore  in  the  zone  of  weathered 
clay  shales. 

As  has  been  said,  clay  shales  merge  insensibly  through  are- 
naceous shales,  argillaceous  sandstones,  into  sandstones.  Many 
of  the  Coal  Measures  sections  in  the  state  show  all  gradations. 

In  certain  of  the  arenaceous  shales,  the  clay  component  so  far 
predominates  that  the  beds  are  important  in  clay  manufactures 
either  alone  or  in  admixture  with  fat  clays.  The  shaly  sand- 
stones can  not  be  used  alone,  but  when  soft  enough  to  be  pulver- 
ized readily  can  be  used  with  fat  clays  often  to  good  advantage, 
as  they  facilitate  drying,  prevent  undue  shrinkage  and  help  the 
ware  hold  its  shape  through  both  drying  and  burning. 

Bituminous  shales  are  uisually  distinctly  fissile,  breaking  read- 
ily into  thin  lamellae,  and  generally  accompany  coal  seams.  Oc- 
casionally coal  seams  are  absent.  The  carbonaceous  ma/tter  may 
be  present  as  a  solid  resembling  fine  particles  of  coal  of  a  charry 
nature,  or  in  some  of  the  brown  shales  the  carbonaceous  matter 
occurs  in  the  fonn  of  crudie  petroleum.  Sam/pies  of  oil  shales 
have  a  decidedly  petroleum;  odor  and  carry  as  high  as  15  per  cent 
of  crude  petroletmai.  Bituminous  shales  shrink  greatly  during 
drying  and  burning,  and  as  a  consequence  are  not  prized  in  the 
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clay  working  industries.  They  are  used,  however,  to  a  limited 
extent  by  mingling  with  other  clay  deposits. 

The  calcaileaus  shales  are  not  important  in  the  lower  Coal  Meas- 
ures, but  assume  greater  importance  in  the  upper  series.  The 
so-called  '^caprrock''  lying  above  certain  coal  seams,  is  usually 
calcareous  and  highly  fossiliferous.  Calcareous  shales  grade 
insensibly  thrcuigh  argillaceous  limestones  to  limestones.  In 
addition  to  the  lime  which  may  be  present  in  a  finely  divided  state 
and  disseminated  throughout  the  entire  mass,  calcareous  shales 
often  carry  lime  concretions  which  interfere  seriously  with  its 
use  in  the  manufacture  of  clay  products. 

While  the  Coal  Measures  are  believed  to  b3  present  in  more  than 
one-half  of  the  ninetj^-nine  counties  in  the  state,  the  clay  shales 
liave  been  devieloped  for  the  manufacture  of  clay  goods  in  but 
sixteen.  Over  the  entire  section  covered  by  the  Coal  Measures,  a 
thick  mantle  of  drift  greatly  obscures  the  outcrops  of  the  indu- 
rated rocks.  Notwithstanding  the  thick  blanket  of  glacial  debris, 
the  larger  streams  and  their  immediate  tributaries  have  exposed 
numerous  outcrops  of  the  older  rocks.  From  a  purely  geological 
standpoint  it  is  found  convenient  to  separate  the  Coal  Measures 
into  a  lower  series,  typically  developed  along  the  Des  Moines 
river,  and  appropriately  designated  the  Des  Moines  stage;  and 
an  upi^er  series  characteristically  developed  along  the  Missouri 
river  and  with  equal  propriety  designated  the  Missouriaai  stage 
of  the  Upper  Carboniferous.  The  Des  Moines  stage  is  chai"acter- 
ized  by  a  great  predominance  of  shales  of  the  argillaceous,  bi- 
tuminous and  arenaceous  types,  and  sandstones,  with  most  of  the 
workable  coal  seamis  of  the  state,  while  calcareous  shales  and 
limestones  are  much  more  prominently  developed  members  in 
the  Missourian  stage.  In  the  present  discussion  the  division  is 
believed  to  be  unimiDortant,  and  no  attempt  is  made  to  separate 
one  from  the  other. 
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The  leading  outcrops  where  clay  shales  are  available  are  de- 
scribed bri^y.  The  sections  are  grouped  by  counties,  the  coun- 
ties being  taken  in  alphabetical  ordter.  On  account  of  the  large 
number  of  exposures  it  is  manifestly  inupossible  to  mention  thlem 
all.  An  attempt  is  made,  however,  to  treat  the  most  important  for 
each  district. 

Adair  County.— The  upper  Coal  Measures  lie  directly  benieath 
the  drift  over  the  larger  portion  of  the  county.  Beds  sfupposedly 
of  CretaceouiS  age  overlap  the  Coal  Measures  in  the  western  por- 
tion. The  thick  drift  sheet,  in  the  absence  of  large  streams 
effectually  obscures  tiie  indurated  beds.  Shates  are  exposed  in 
one  or  two  inaccessible  localities,  and  as  yet  they  have  not  been 
developed.  South  of  Adair  a  two-foot  vein  of  coal  hasi  bisen 
mined  to  some  extent.  Above  it  is  a  heavy  shale.  Below  it  is  a 
fire  clay,  and  both  clay  seamis  might  be  mined  profitably  in  con- 
nection with  the  coal. 

Adams  County.— Otood  shale  outcrops  are  imknown.  At  the 
mining  camp®  of  Briscoe,  Carbon  and  Eureka^  shales  suitable  for 
use  in  clay  working  are  p3netrated  in  sinking  shafts  for  coal, 
and  are  within  easy  mining  distance  of  the  sufrface.  Unimpor- 
tant exposures  appear  along  the  Middle  Nodaway  river,  accomh 
panied  by  a  thin  seam  of  coal,  but  none  of  the  Coal  Measure 
shales  have  been  developed  in  the  coimty.  A  bed  of  fire  clay  lies 
below  the  principal  coal  vein  worked,  is  fairly  persistent  and 
undoubtedly  would  furnish  a  good  body  for  the  various  grades  of 
dry  pressed  brick. 

Appatvoose  County. — The  shale  beds  are  comparatively  per- 
sistent and  fairly  imiform,  and  are  separated  by  beds  of  lime- 
stone which  are  remarkably  constant.  The  principal  bands:  are 
known  locally  as  the  '* floating  rook",  *^ fifty-foot  limestone", 
'* seventeen-foot  limestone",  the  ''cap  rock"  and  the  ''bottom 
rock".  The  terms  are  referable  to  the  principal  coal  seam 
known  as  the  Centerville  vein  or  mystic  seam  of  Keyes  and  Bain. 
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The  general  section  published  in  the  ''Geologj^  of  Appanoose 
County ' ',  and  appended  below,  gives  a  good  idea  of  the  sequence 
of  beds  and  their  relative  importance. 

FBBT.  INCHES. 

17.  Limestone,  gray,  sub-crystalline,  seen  in 
the  railway  cut  near  Anchor  No.  1 
mine  at  Centerville,  and  known  among 
the  miners  as  the  "floating  rock"...  2  to    4 

16.     Shale,  argillaceous,  color  variable 12  to  30 

15.  Limestone,  heavy  ledges,  exposed  along 
the  Manson  branch  and  Cooper  creek 
at  Ceoterville  as  well  as  at  numerous 
other  points  in  the  county,  the  ' '  fifty 
foot' '  limestone 4  to  10 

14.     Shale,  argillaceous,  blue  and  red  in  color  14 

13.     Shale,  arenaceous,  frequently  forming  a 

well  defined  sandstone 8 

12.     Shale,  argillaceous,  blue  and  gray 10 

11.  Limestone,  somewhat  variable  in  thick- 
ness; exposed  along  the  C. ,  M.  &  St. 
p.  railway  between  Mystic  and  Brazil, 
known  as  the  '  'seventeen-foot  lime- 
stone*' or  *  Mittle  rock" 1  to    3 

10.  Shale,  sometimes  gray,  frequently  bi- 
tuminous and  pyritiferous 7 

9.  Limestone,  sometimes  gray,  and  coarsely 
sub -crystalline  as  at  the  Lodwick 
mine,  Mystic;  sometimes  fine-grained, 
bituminous,  and  grading  into  the 
shales  above  and  below,  as  at  the 
Thistle  mine.  Cincinnati,  known  as 
the  *  'cap  rock** 2  to    4 

8.  Shale,  usually  bituminous,  and  known  as 
'  'slate";  occasionally  in  part  soft  and 
clay  like,  then  known  as  clod;  at 
times  heavy  and  homogeneous  non- 
fissile,  in  which  form  it  is  known  as 
•*  black  bat"  . , 1  to    3 

7.     Coal,  upper  bench,  usually 1        8-10 

6.     Clay  parting  '*mud  band 2-3 

5.     Coal,  lower  bench ,  usually 8-10 

4.     Clay  parting  the  '  ^dntchman" % 

3.     Coal,  frequently  impure 2-3 

2.     Fireclay I  to    6 

1.    Limestone,  "bottom  rock",  well  exposed 

along  Walnut  creek  at  Mystic 3       6 
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It  is  obvious  froni)  the  above  section  that  important  beds  of 
clay  shales  occur  between  the  limestones,  and  they  are  much 
more  persistent  than  those  which  occur  in  many  of  the  other  Coal 
Measure  counties.  The  entire  section  is  exposed  in  the  central 
and  north  central  portions  of  the  county  along  the  Cfhariton  river 
and  Cooper  and  Walnut  creeks ;  the  lowest  beds  appearing  along 
the  latter  creek,  at  Mystic  and  Brazil.  Away  from  the  larger 
streams  and!  the  central  portion  of  the  county,  the  thick  veneer 
of  drift  eflfectually  conceals  the  stratified  rocks,  although  the  Coel 
Measures  cover  the  entire  county. 

At  Centerville  only,  have  the  clay  shales  been  developed.  Thfe 
Centerville  Brick  and  Tile  Company  are  using  the  uppermost 
member,  numiber  16  in  the  general  section.  Formerly  their  pit 
was  located  south  of  the  Keokuk  and  Western  railway,  near  the 
shaft  of  the  Scandinavian  Coal  Company  and  their  own  plant  At 
present  the  comlpany  has  opened  a  pit  south  of  the  Iowa  Central 
depot  and  east  of  the  Keokuk  and  Western  track.  The  shale 
developed  is  covered  by  a  thin  mantle  of  loess  and  drift,  the 
** float  rock''  having  been  removed  by  erosion,  and  some  twelve 
to  fifteen  feet  of  shale  clay  are  available.  The  clays  utilized  are 
of  a  pale,  yellowish-brown  color  above,  and  grade  downward  into 
gray-blue  layers,  stained  a  yellowish-brown  along  the  joints.  The 
entire  assemblage  of  beds  is  finely  arenaceous,  works  somewhat 
short  and  is  slightly  calcareous.  The  clay  is  loaded  by  hand 
into  flat  cars  and)  hauled  to  the  plant,  a  distance  of  about  one 
mile,  where  it  is  shoveled  on  a  conveyer  which  leads  to  a  dry- 
pan.  The  ware  bums  a  pale  led  and  is  fairly  strong.  The  clay 
is  adapted  to  both  dry  press  and  stiff  mud  processes.  It  does 
not  appear  to  be  well  adapted  to  the  manufacture  of  paving  brick 
and  drain  tile.  In  the  vicinity  of  Centerville  the  upper  shales 
are  exposed  quite  freely  along  the  stream  ways,  but  could  not  be  * 
developed  extensively,  save  by  mining,  on  account  of  heavy  strip- 
ping.   In   the  vicinity  of  My&tic  and  Brazil  the    lower  shales 

27 
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appear  in  the  bluflf  walls  of  Walnut  creek.  Some  fifteen  feet  of 
shales  below  ^^ bottom  rock"  are  visible  a^  in  the  following  sec- 
tion which  may  be  taken  to  be  fairly  representative. 

8E0TION  ON  WALNUi'  OUSEK  AT  MTSTIO. 

.  ^BBT.      IMCHBS. 

10.  Drift ;.... 12 

9.  Limestone,   heavily    bedded,    gray,    fossili- 

ferous 2  10 

8.  Shale,  bitumi  lous,  fissile 1 

7.  Coal ...  1             6 

6.  Clay  parting 2 

5.  Coal  with  some  py rite  near  base 1 

4.  Fireclay 1             6 

3.  Limestone,    heavily  bedded,   fossiliferous. .  2           10 

2.  Shale,  gray,  clayey 11 

1.  Shale,  bine,  clayey  (exposed  to  water  level).  4 

The  lower  shales  oould  not  be  developed  generally,  save  by 
mining.  Limited  areas  uncovered  along  the  streams  might  be 
developed  cheaply. 

A  few  shale  outcrop®  are  known  to  appear  along  Sugar  creek, 
in  the  northeast  comer  of  the  county,  maar  Foster.  No  attempts 
have  been  made  to  prospect,  explore  or  exploit  them. 

Boone  Coimty. — ^As  in  the  foregoing  counties,  Boone  lies  wholly 
within  the  Coal  Mea&uire  area.  Outcrops  are  limited  to  the  im- 
mediate vicinity  of  the  Des  Moines  river,  with  the  exception  of 
an  unimportant  exposure  along  Squaw  creek,  near  the  northeast 
comer  of  the  county.  The  Des  Moines  river  has  cut  a  deep 
trench  across  the  county  from,  north  to  south,  and  numerous 
shale  crops  appear  in  tlie  steep  valley  walls,  generally  more  or 
less  obscured  by  drift-slides  and  talus  slopes.  The  best  sections 
are  exposed  near  Boone,  along  the  Des  Moines  river  and  small 
tributaries.  The  pit  at  the  Boone  Clay  Works,  located  southwest 
of  Boone,  on  a  small  tributary  of  the  Des  Moines  river,  shows 
the  following  sequence  of  beds : 
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Via.  M.    Pit  of  the  Boone  OI*rWi>rki.BM>D«,  Iowa. 

FBBT. 

9.     DHtt 15+ 

8.     Potter's  cl«y IX 

7.     CUysb&le,  gr»y-blne 2 

6.     Clay  ibale,  gjitty,  ash  colored,  fron-stmided  ia  the 

upper  part 4 

5.     Clay  B bale,  variegated,  red.  blue  and  gray 12 

4.     Shale,  ocbreous  band,  utaioed  a  deep  red % 

3.     Clay  Ehale,  similiar  to  No.  6 3 

2.    Fireclay l)i 

1.     Shale,  impure,  exposed 3 

The  drift  here,  as  in  most  of  the  exposures  in  the  county, 
abounds  in  Ume  pebbles  and  bowlders,  and  must  be  removed. 
Xumbcr  5  is  the  principal  elay  used.  It  is  of  excellent  quality 
and  contains  sufficient  iron  to  give  a  good  color  to  the  finished 
product.  The  entire  ass?mblage  below  the  drift,  blends  to  good 
advantage  and  affords  first-class  materia]  for  the  manufacture 
cf  building  and  i)aving  brick,  and  drain  tile.  Directly  west  of 
Boone,  the  Des  Moines  river  has  removed  the  drift  from  a  con- 
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siderable  area,  exposing  gome  seventy  feet  of  shales,  which  are 
being  developed  by  the  Boone  Brick,  Tile  and  Paving  Company. 
The  beds  exposed  in  the  pit  are  as  follows: 


TtQ.  17.    Plant  of  tbe  Boone  Ctkf  Worki  Boone,  lowk. 
PIT  SBOnOH  OF  BOOMB   BEUOK,  TILE  AND  PATTHQ  COUPANT. 

8.     Drift  and  talus,  varying  In   thickness,   average  for 

pit  at  the  present  time 5 

7.    Shale,  variegated,  gypseous,    mncta  weathered  and 

shrinks  considerably  daring  drying  and  burning    IS 
6.     Sbale,  gray-blue,    arenaceous  below,    in   places  a 

hard  ledge  appears  and  must  be  wasted 

5.     Shale,  purplish,  variegated,  somewhat  fissile 

4.     Sandstone,  argillaceonsinpart,  hard  ledge  appears 

inpl»«s 

3.     Shale,  dense,  gray-blue  to  deep  blue,  bnt  slightly 

fissile,  the  roost  Important  bed  In  the  pit 

Z.    Shale,  blDlsh-gray,  weathers  almost   white,  finely 

arenaceous,    massive 

1.     Shale,  dark  blue  to  bluish-black,  gypseous. 

At  the  present  time  numbers  2  to  7,  inclusive,  are  being  devel- 
oped. Portions  of  4  and  6  must  be  wasted.  Number  7  is  used 
largely  in  the  manufacture  of  hollow  ware,  while  number  3  gives 
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the  best  results  when  vitrified  wares  are  desired.  The  base  of 
munber^  1  is  about  twenty  feet  above  tlie  Des  Moines  river,  while 
the  plant  is  located  on  the  bluif,  about  230  feet  above.  The  clay 
is  loaded  on  small  cars  and  pulled  up  an  incline  by  means  of  a 
rope.  An  ordinary  hoisting  engine  is  used.  The  weight  of  the 
empty  oar  is  sufficient  to  carry  it  back.  The  plant  is  turning  out 
an  excellent  quality  of  paving  brick,  common  builders  and  hol- 
low ware.  Chemical  analyses  were  made  of  the  pirincipal  seams. 
The  results  are  given  in  tabular  form  below. 

12  3 

Silica 47.40        73.70  53.40 

Alumina 22.20        16.60  20.39 

Combined  water 7.90         4  30         8.71 

Clay  and  sand     .       77.50       94.60        82  50 

Iron  oxide 12  40  0.20  12.24 

Lime 0.70  0.10  0  99 

Magnesia 1.10  160  142 

Potash 3.10  0.70  1.42 

Soda 0  50  0.30  0.71 

Total  fluxes 17.80         2.90        16.78 

Moisture 2.10         0.70  0  52 

Sulfur  trioxide 2.40  170         0.55 

RATIONAL  ANALYSES. 

• 

Clay  substance 74.90  37.13       67.06 

Feldspar 8.81  15  33         4  82 

Quartz 12.70  47.54        28.12 

Calcium     sulfate    and     Magnesium 

sulfate    3.59        

100.00   100.00   100.00 

No.  1  was  selected  from  one  of  the  test  pits  before  the  plant  was 
opened,  and  doubtless  came  f  ronu  number  5  in  the  section ;  num- 
ber 2  came  from  6  in  the  section.  Number  3  gives  the  composi- 
tion of  a  sample  compounded  from  all  of  the  argillaceous  mem- 
bers which  appear  in  the  section,  according  to  their  relative 
thicknesses. 


PI.&TBZZ.    Pit  of  the  Boone  Brick,  niBnnAPwvtitsCmapaaj,  Boone,  Iowa. 
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While  the  shales  axe  exposed  at  nuttnerous  other  points  in  the 
conntj'',  no  attempt  has  been  made  to  utilize  them,  save  in  the  in- 
stances mentioned.  The  great  thickness  of  the  drift  is  a  serious 
obstacle  to  their  economic  development,  even  along  the  larger 
streams.  The  contact  between  the  drift  and  the  Coal  Measures 
is  a  plane  of  weakness,  and  drift-slides  are  of  common  occur- 
rence. Where  the  slopes  are  subject  to  inundation  of  this  kind, 
great  expense  is  entailed  in  the  removal  of  landslides.  In  some 
instances  it  is  found  to  be  more  economical  to  abandon  the  pit 

Dallas  County.— Dallas  county  is  provided  with  an  abundance 
of  shale  days  of  excellent  quality,  and  are  unusually  accessible 
in  the  southern  portion,  along  tlie  Raccoon  river.  The  Coal 
Measures  cover  the  entire  county,  but  outcrops  are  rare  in  the 
northern  half  of  the  county,  owing  to  the  thickening  of  the  drift 
northward  and  the  absence  of  large  streams,  save  the  North  Eac- 
coon.  Somie  of  the  best  shale  sections  are  given  below,  and  may 
be  considered  to  be  fairly  representative.  The  shale  series  ex- 
posed near  Booneville  is  as  follows: 

FBET. 

14.  Drift ,  overlain  by  loess 30 

13.  Sandstone 10 

12.  Shale,  black,  fissile ^..  1 

1 1 .  2S hales ,  gray  and  red 10 

10.  Shales,  black 1 

.    9.  Shales,  gray 3 

8.  Coal H 

7.  Shales,  gray 9 

6.  Limestone,  f ragmental ,  fossiliferous 2 

5.  Shales,  gray 13 

4.  Limestone  2 

3.  Shales 16 

2.  Sandstone X 

1 .  Unexposed  to  river 20 

Continuing  westward  ficm  Booneville  to  Van  M;et9r,  the  Piatt 
Pressed  and  Fire  Brick  Company  are  developing  the  clay  shales 
south  of  the  Ba-ccoon  and  well  up  the  bluff.  The  pit  shows  the 
following  layers : 
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no.  4S.    Plant  otPlkttPreiMd  and  Fire  Brick  Compsn;,  Tan  Meter,  Iowa. 

FBBT. 

5.  Drift  and  waste 1  to  4 

4 .  Sandstone H 

3.  Sbale,  gray,  arenaceous 2 

2.  Sandstone,  blue,  compact 1^ 

1.  Shales,  variegated,  red  and  gray,  exposed 15 

These  clays  are  developed  for  the  manufacture  of  red  brick 
and  tile.  The  firm  also  manufactures  buff  brick  and  fire  brick. 
The  raw  m'aterial  is  obtained  from  a  depth  of  some  265  feet,  by 
raining  out  the  three  to  seven  feet  which  occurs  between  the  upper 
and  middle  cool  seams  of  the  localitj'.  The  lower  part  of  the 
section  at  the  mine  is  as  follows: 

PERT.  INCHES. 

9.  Shale,  argillaceou* .- 90 

8.  Coal 1  to  IH 

7.  Pire  clay,  impure,  gray  2  io4 

6.  Fireclay,  "flint  clay" 6  to  18 

5.  Fire  clay 6  to  18 

4.  Coal IJi  to  4 


3.  Sandstone.. 
2.  Shale,  bituE 
1.  Coal 


Xiimber  7  is  used  in  the  manufacture  of  buff  brick,  eitlier  alone 
or  mixed  with  number  5.  Number  6  gives  a  good  grade  of  firebrick, 
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Number  9  bums  a  pink  color  and  gives  a  good  strong  brick.  By- 
mixing  the  mined  clays  with  the  surface  red  burning  shale, 
almost  any  desired  color  can  be  secured.  The  buff  burning  clay 
furnishes  a  good  body  for  the  manufacture  of  the  various  shades 
of  mottled  and  ornamental  brick  and  enameled  wares.  The 
three  grades  of  fire  clays  have  been  analyzed,  and  gave  the  fol- 
lowing results: 

No.  5.  No.  6. 

Silica 55. 11  86.63 

Alumina 26.71  10.92 

Iron  oxide 4.28  0.10 

Sulfuric  acid 4.16  

Water 9  69  2.33 

99.96  99.97 

The  analyst  was  W.  S.  Robinson,  chief  chemist  of  the  Union 
Pacific  railway,  Omaha,  Nebraska.  While  the  constituents  are 
given  in  the  form  of  oxides,  the  iron  in  numbter  5  doubtless  occurs 
in  the  form  of  the  sulfide.  None  of  the  strong  fluxes,  soda,  potash, 
lime  and  magnesia,  were  reported.  Number  6  is  highly  siliceous 
and  extraordinarily  low  in  fluxing  constituents  and  ought,  when 
properly  manuf  actumd,  to  jrield  a  superior  quality  of  fire  brick. 

Numiber  7  was  analyzed  by  Charles  Ferry,  of  Troy,  New  York, 
and  gave  the  following  results: 

Silica 53.21 

Alumina 25  74 

Combined  water 10. 19 

Clay  and  sand 89. 14 

Iron  oxide 7.07 

Lime 0  48 

Magnesia 0.98 

Potash  and  soda 4.30 

Total  fluxes 12.83 

The  clay  is  manufactured,  dry  press  process,  into  an  exceed- 
ingly dense,  strong,  hom<^eneous  brick,  much  prized  for  front 
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brick  and  interior  finish  work.    It  is  one  of  the  most  durable  dry 
press  brick  on  the  market 

About  three  miles  east  of  Redfield,  near  Cottonwood  mills,  fifty 
feet  of  Coal  Measure  strata  appear  in  the  bluff  north  of  the  river. 
Shales  greatly  predominate  and  butt,  little  stripping  would  be 
required  in  their  utilization.    The  section  is  as  follows : 

FEET. 

11.  Drift 3 

10.  Shales,  sandy,  baff 10 

9.  Sandstone,  yellow >^ 

8.  Shales,  sandy,  buff 1 

7.  Shales,  blue 1 

6.  Sandstone,  yellow,  soft 3 

5.  Shales,  sandy,  buff  and  gray 10    i 

4.  Sandstone,  soft,  gray 3 

3.  Shales,  sandy,  blue 12 

2.  Sandstone ,  yellow 1 

1.  Shales,  sandy. .  4 

South  of  Redfield,  near  the  junction  of  the  Middle  and  South 
forks  of  the  Raccoon  river,  at  *  *  Hanging  Rock, ' '  a  massive  sand- 
stone makes  up  thj©  principal  portion  of  the  section.  In  the  west 
edge  of  the  town,  close  to  the  right-of-way  of  the  Chicago,  Mil- 
waukee &  St.  Paul  railway,  the  sandstone  member  has  entirely 
disappeared  and  a  splendid  steries  of  shales  may  be  observed.  The 
clay  pit  of  the  Redfield  Brick  and  Tile  Company  displays  the  fol- 
lowing layers : 

FBBT. 

5.  Drift  and  hillside  wash 0-10 

4.  Shale  clays,  variegated,  yellow,  gray,  blue,  purple  and 

red.     Pissility  somewhat  obscured  by  weathering  .      8 

3.  Shale,  red,  fissile,  with  occasional  very  hard,  hematite 

concretions 4 

2.  Shale,  blue  to  blue-gray  when  weathered;  jointed,  con- 

tains occasional   finely  arenaceous    streaks,    and 

limonitic  seams 12 

1.  Fireclay 4 

The  plant  is  very  favorably  located.  Practically  no  stripping 
is  required  and  the  transference  of  raw  material  to  the  factory 
and  the  manufactured  product  from  the  factory  to  the  car,  can  be 
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very  cheaply  done.  All  of  the  shale  beds  are  used,  and  the  com- 
posite is  well  adaipted  to  the  manufacture  of  all  grades  of  com- 
mon brick,  paving  brick,  sidewalk  brick,  drain  tile  and  hollow 
block.  West  of  Bedfield  the  arenaceous  members  a^ain  become 
prominent.  Near  the  old  mill  site  south  of  Linden,  on  the  Mid- 
dle Raccoon,  the  following  section  appears: 

FEET. 

12.  Drift 

11.  Sandstone,  buff,  shaly  in  part 7 

10.  Shales ,  gray,  sandy  above 8 

9.  Coal Yi 

8.  Shales,  gray 6 

7.  Limestone,  gray,  very  fossilittrous I 

6.  Shales,  gray 6 

5.  Limestone,  buff,  18-inch  layer  below,  brecciatcd  and 

yellow  above 4 

4.  Shales,  gray 12 

3.  Sandstone ,  gray 2 

2.  Shales,  gray 13 

1 .  Clay  shales,  red ,  exposed  to  river 2 

The  thin  seam  of  coal  is  forty-six  feet  above  the  river. 

North  of  the  Middle  Raccoon  there  are  few  exposures  of  the 
Coal  Measures.  Just  north  of  Adel,  on  a  small  tributary  of  the 
North  Raccoon  river,  much  obscured  siliceous  and  argillaceous 
beds  may  be  observed.  A  local  brick  plant  has  developed  the 
beds  to  a  limited  extent.    The  pit  shows  the  following  layers : 

FBBT. 

3.  Shale,  variegated,  siliceous  and  gypseous,  with  hard 

ferruginous  and  clayey  concretions 14 

2.  Coal,  impure,  clayey  and  with  calcareous  layers }i 

1.  Shale,  light  gray  to  white  at  top,  variegated  below 

(exposed) 

To  the  west  the  shales  out  out  rapidly,  and  within  one  hundred 
feet  the  drift  rests  directly  on  number  1.  Common  brick  and 
drain  tile  only  are  attempted. 

Just  above  High  Bridge  the  Coal  Measures  appear  in  the  west 
bluff.    The  following  beds  may  be  observed : 
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FEET.      INCHES 

5.  Drift 4 

4.  Sandstone,  thinly  bedded 3 

3.  Shale,  light  colored,  with  sandy  concretions, 

grading  downward  into  bituminous  shale.     18 

2.  Coal 1  8 

1 .  Fire  clay ,  exposed 4 

The  above  section  may  be  accepted  as  being  a  fair  examiple 
of  the  Coel  Measures  for  the  northeastern  portion  of  the  county. 
No  attempt  has  been  made  to  utilize  the  beds  in  this  vicinity. 

Decatur  county. — The  county  lies  wholly  within  the  Coal  Meas- 
ures. The  lower  measures  appear  sparingly  along  the  Grand 
river  and  in  the  southeast  comer  of  the  county.  The  shale  clays 
have  not  been  utilized,  and  are  not  very  accessible.  Along  a 
small  ravine,  north  of  Davis  City,  the  following  shale  section 
belonging  to  the  Des  Moines  stage,  may  be  observed: 

FEET. 

5.  Shale 3 

4.  Shale,  black,  fissile 1 

3 .  Shale,  drab,  arenaceous 4 

2.  Shale,  sandy,  yellow 6 

1.  Shale,  drab,  clayey,  with  several  thin  bands  cf  blue- 

black  ,  non-fossiliferous  limestone , 4 

By  mangling  numbers  2  to  5,  doubtless  a  good  strong  brick 
could  be  produced.  None  of  the  beds  are  especially  well  adapted 
to  the  manufacture  of  clay  wares,  and  the  bituminous  shale  might 
have  to  be  rejected.  The  heavy  stripping  would  make  extensive 
open  pdt  work  impossible,  and  mining  would  scarcely  be  found 
practicable. 

Thfe  upper  Coal  Ml^asures  carry  so  much  limle  that  good  shale 
sections  are  rare.  One  of  the  best  in  the  county  may  be  viewed 
at  DeKalb,  near  the  wagon  bridge  just  north  of  the  railway  sta- 
tion.   The  section  exposed  is  as  follows : 

FEET. 

5.  Limestone,  thinly  bedded,  very  fossiliferous 2 

4.  Shale,  soft,  gray 2 

3.  Shale,  fine,  black,  fissile 1 

2.  Shale,  black,  soft 2}^ 

1.  Shale,  drab 4 
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Here,  again,  the  shales  ooidd  be  worked  only  by  mining,  and 
while  the  limestone  would  aflford  a  good  roof,  the  quality  of  the 
raw  material  would  hardly  warrant  the  expense. 

Des  Moines  County. — The  Coal  Measures  occupy  small  de- 
tached areas  in  the  southwest  comer  of  the  county,  near  the  Skunk 
river.    Southwest  of  Danville  the  following,  beds  may  be  viewed : 

FBBT.      INCHES. 

7.  Drift 20 

6.  Shale,  light  colored 20 

5.  Shale,  bituminous 3  2 

4.  Coal 1 

3.  Fireclay 3  6 

2.  Shale,  brownish,  gray,  gritty 1  6 

1 .  Shale ,  light ,  brownish ,  sandy  in  places  ( exposed)      4 

While  the  area  is  small  and  at  present  somewhat  inaccessible, 
the  shale  clays  are  excellently  adapted  to  the  manufacture  of  the 
various  grades  of  clay  wares.  Certain  of  the  layers  below  the 
coal  seam  have  for  more  than  half  a  century  been  used  in  the 
manufacture  of  pottery. 

On  the  farmi  of  B.  B.  Jester,  near  Parrish,  a  clay  shale  is  being 
developed  which  has  gained  quite  a  local  reputation  as  a  fire  day. 
It  lies  below  the  thin  coal  seam,  and  attains  a  thickness  of  four 
feet.    The  section  here  exposed  is  as  follows: 

FB&T. 

5.  Drift :0 

4.  Shales,  argillaceous 20 

3.  Shale,  hard,    dark  gray  in   color  above,  bituminous 

below 3 

2.  Coal J  + 

1.  Shale 8 

The  coal  vein  has  been  worked  from  time  to  time  since  1834. 
Number  1  in  the  section  is  separable  into  three  parts,  consisting 
of  three  and  one-half  feet  of  fire  clay,  gray,  slightly  iron-stained ; 
one  and  one-half  feet  of  hard,  brownish-gray,  gritty  shale  and  at 
the  bottom-  four  feet  of  lighter  brownish^gray  clay,  quite  hard. 
The  lowest  layer  is  best  adapted  to  tlie  manufacture  of  fire  brick 
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and  when  washed  can  be  used  for  a  fine  grade  of  pottery.  Chemi- 
cal analyses,  both  complete  and  rational,  of  the  fire  clay  are  given 
below: 

Silica 74 .  82 

Alumina 15.54 

Combined  water 4  97 


Clay  and  sand.  95.33 

Iron  oxide 2. 72 

Lime....,   0.73 

Magnesia 0. 45 

Potash 0.32 

Soda 0.38 


Total  fluxes 4.60 

Moisture 0.22 

RATIONAL  ANALYSIS. 

Clay  substance 21.77 

Feldspar 9.79 

Quartz 68.94 


100.50 

The  total  fluxes  calculated  on  a  water  free  basis  amount  to  4.85 
per  cent.  The  physical  tests  and  furnace  tests  support  the  chemi- 
cal analyses  and  indicate  that  the  clay  deserves  more  attention 
than  it  has  yet  received. 

The  clays  at  prsent  used  by  the  local  potteries  are  g>7)seous 
and  concretionary  and  washing  is  necessar3\  The  removal  of 
these  impurities  is  accoirtplished  by  mixing  the  clay  to  a  slurry 
with  water,  then  passing  over  two  screens,  an  upper  60-mesh  and 
a  lower  70-me&h  to  the  inch. 

The  screens  vibrate  longitudinally  and  the  coarser  particles 
are  removed  at  one  end.  This  slip  is  run  into  a  tank  dug  into 
the  grolund,  where  the  water  evaporates.  If  arrangements  were 
such  that  the  water  could  be  tapped  off  instead  of  being  per- 
mitted  to  evaporate  the  soluble  miaitter  could  be  removed  instead 
of  being  permitted  to  remain  in  tlie  clay  as.  at  present  and  later 
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appear  in  the  surface  of  the  unglazed  ware  as  a  white  efflores- 
cence. 

Fremont  County.  The  upper  Coal  Measures  ar^  believed  to 
cover  the  entire  county  and  lie  immediately  beneath  the  drift. 
They  are  prevailingly  argillaceous  or  nxarly  in  character  with 
immediate  beds  of  hard  limestone  exposed  in  nearly  every  sec- 
tion. At  Hamburg  in  the  southwest  portion  of  the  county,  just 
south  of  the  school  house  on  D  street,  a  shallow  pit  shows  the 
following  section : 

PSBT. 

5.  Shale,  calcareous,  variegated ,  fossiliferous;  containing 

hard  nodnles  of  pyrite  and  lime 15 

4.  Limestone,  impure,  gritty,  fossiliferons , 18 

3.  Shales,  red  and  gray 4 

2.  Limestone,  impure,  color  dark  gray 2 

1 .  Shale,  gray,  argillaceous 12 

The  above  section  may  be  taken  as  fairly  representative.  No 
attempit,  as  yet,  has  bfeeni  made  to  utilize  the  indurated  beds  at  this 
point  About  three  miles  east  of  Nebraska  City  Junction  a  strat- 
um of  shale  with  a  thickness  of  four  or  five  feet  is  exposed  imme- 
diately above  a  ledge  of  sandstone.  The  shale  is  quite  free  from 
grit  and  varies  from  pale  to  dark  red  in  color.    Some  prosjDecting 

has  been  done  with  a  view  to  using  it  for  paint.    It  would  doubt- 
less give  better  results  in  the  manufacture  of  clay  wares.    No 

other  shale  sections  worthy  of  notice  are  known  to  exist  in  the 
county. 

Greene  Coiiw  ft/,— The  county  lies  only  jjartially  within  the 
Coal  Measures,  the  western  portion  being  overlapped  by  the  Cre- 
taceous. The  few  ouitcrops  of  shales  in  the  county  appear  along 
the  Raccoon  river,  southeast  of  Jefferson,  but  at  only  one  j^oint 
are  they  utilized,  and  that  is  at  Grand  Junction,  where  the  raw 
material  is  mined  in  conjunction  with  the  mining  of  an  eighteen- 
inch  coal  vein.  The  Grand  Junction  Brick  and  Tile  Company 
has  operated  successfully  for  a  number  of  years,  notwithstanding 
they  could  obtain  their  clay  only  by  mining.     The   coal    seam 
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worked  lies  about  140  feet  below  the  surtm»ts  aaul  Uu^  elav  uhihI 
is  a  semi-fire  day  which  lies  direi^tly  under  tho  wn\.  The  ^>rU^ 
cipal  output  is  drain  tile,  altliough  some  brick  aiv  imHluctHl,  Tlu) 
ware  bums  buff  to  pale  red  and  gives  excellent  siatisf action. 

Along  the  Raoooon  river,  near  the  southeast  corntvr  of  the 
county,  shale  outcrops  may  be  noted.  •  Usually  the  iMW  nuuitlo  in 
quite  thick,  and  considerable  stripjring  would  Ih»  ncHH^ssaiy.  hi 
some  instances  the  shales  expostni  are  of  excellmit  (jualily,  but 
not  very  accessible.  Near  tlie  liiversido  mine  the  following  mu*- 
tion  may  be  observed : 

VKBT. 

5.  Drift,  yariable  in  thicknest  up  to 50 

4 .  Sandstone 1  to  2 

3.  Shale,  plastic 2 

2.  Shale,  argillaceons,  more  or  less  massive 3*4 

1 .  Sandstone Bxposed . 

The  shaft  section  in  the  iimnediate  vicinity  d(*iuoii«triit<»H  tlwiJ 
the  sandstone  is  fortj"  feet  in  thicknett«  and  i»  und<*rlain  by  tw<*nly 
feet  of  shale,  in  part  bituminouis,  which  n*«tM  dinnrlly  upon  tli^* 
principal  coal  seam  of  tlie  district.  Tlie  coal  In  und^*rlajn  by  fh« 
ufiual  layer  of  fire  clay.  Xo  attemj^ti*  liave  Ijeen  umilo,  hh  y<ft,  to 
utilize  the  argillaceous  deposits. 

Guthrie  County,— -The  Cretaf5er>ui4  in  f>iflMfvcd  t/>  iU}Vi*r  tbi? 
greater  portion  of  the  count>%  but  the  OmI  Mt^dhnn^  if4*mr  in  i\u* 
east  quarter  and  api^ear  along  tlie  Middle  Iia^^^>/ri  rivi^r  iuU)  Ua^ 
northwest  oomer  towni<hip.  Tli/e  U^^t  exift/>^tinif>  umy  U*  vi<*M'M 
along  the  Rsuyxxm  riven  Sliale  day^  i^m^iHuU*  an  ji/jj^^/ilani 
part  of  the  Coal  Measure  series  as  d^^^^loj^f^l  in  th^^  <'>;ijinty,  'VSa* 
following  sections  may  be  <^^>n«idered  fajrjy  r*fjvn-*^^jtatj  v<f  t<pr  itu*, 
<<;unrr.     SoTitLwe*t  of  IJijA^u^  in  I>a!!^i>  <imss\'*\  n^^r  t/j<f  old 

iiK:re  (T  \^h  irjj^rfe^.^-v  v>*\\l*r. 
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FBBT.         INCHES. 

16.     Drift,  Kansan 6  4 

15.     Limestone,  thin  bedded,  buff 1  6 

14.     Shales,  s^ray,  argillaceous;  becoming  blue 

below 20 

13.     Limestone,  nodular,  impure 6 

12.     Shales,  bituminous,   mixed  with  impure 

coal 1  6 

11 .     Shales,  light  colored 8 

10.     Sandstone,  coarse,  yellow,  with  flakes  of 
coaly  matter  and  remains  of  poorly 

preserved  Neuropteris 10 

9.     Shales,  arenaceous,  blue  aod  yellow 3 

8.     Coal,  impure 6 

7.     Shales,  dark  and  light  blue 7 

6.     Limestone,  thin,  irregular 1 

5.     Shales,  blue 2 

4.     Limestone,  earthy,  irregularly  bedded. .  1  6 

3.     Shales,  blue 1 

2.     Limestone,  impure 1 

1.     Shales,  blue  and  gray,  exposed    about 

twenty  feet  above  the  river 2 

Northward  exposures  are  not  uncomiiioii,  and  good  outcrops 
of  clay  shales  noay  be  seen  in  the  vicinity  of  Panora.  The  pit 
of  the  Panora  Brick  and  Tile  Company  shows  the  following 
sequence. 

FBBT. 

3 .     Shale,  clay,  argillaceous ,  red 12 

2.     Coal  and  bituminous  shale 2 

1.  Shale,  argillaceous  sandy,  blue*  to  white  with 
irregular  bands  of  calcareous  material;  exposed 
to  within  six  feet  of  the  river 18 

Practically  the  entire  section  is  utilized,  and  very  little  strip- 
ping is  necessary.  Drain  tile  is  the  chief  product.  The  raw 
miaterial  is  of  good  quality  and  vitrified  ware  could  be  manu- 
factured satisfactorily  if  desired. 

Panora  is  the  only  point  in  the  county  where  the  shales  have 
been  used  as  yet.  Other  outcrops,  quite  accessible,  are  not  rare. 
About  one-half  mile  north  of  Griendon,  in  a  cut  on  the  Rock 
Island  railway,  excellent  material  is  exposed,  although  some 
stripping  would  be  required  in  the  cut.  In  tlie  near  neighbor- 
hood, dombtless,  areas  could  be  found  where  the  upper  beds  have 
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been  removed  and  the  lower  shales  are  more  easily  accessible. 
The  cut  section  is  as  follows: 

6.  Sandstone,  soft,  yellow  to  red,  irregDlarly  bedded.  2 

S.  CUy,  yellow,  free  from  grit,  macb  like  geest l}i 

i.  Limestone,    brecciaied,  gray,   with  common  Coal 

Measure  fossils 2 

3.  Shales,  yellow,  clayey S 

2.  Limestone,  soft,  sandy 'j 

1.  Sbale,  clayey,  red  to  greenish  12 

Hamilton  County. — Hamilton  lies  almost  wholly  within  the 
area  of  the  Coal  Measures  but  few  good  outcroi>s  are  visible. 
Practically  the  only  exposunes  a-pjiear  along  the  Boone  river 
between  Webster  City  and  the  Webster  county  line,  and  these  are 
almost  wholly  concealed  by  landslides  and  vegetation.  No  at- 
tempts have  been  made  to  explore  or  develop  the  shale  clays. 
Some  coal  has  been  mined  in  this  vicinity,  but  no  mines  are  in 
operation  today.  The  Silver  mdne,  located  on  a  small  ravine  west 
of  the  Booae  river,  (Tp.  88  N.,  R.  XXVI  W.,  Sec.  3fi,  southeast 
quarter,  southeast  quarter)  shows  the  following  section ; 


Fm,  «,    Plant  of  WetHterOltjBriok  and  nia  Compaor,  Wetat«r  Olt;,  luwa. 
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FBST.        INCHBS. 

5.     Drift 2 

4.  Shale,  light  to  dark  colored,  somewhat 

sandy  in  places 5 

3.     Sandstone, massive, with  occasional  bands 

of  bituminous  shale 3  4 

2.     Coal 1  2 

1 .     Shale,  drab  and  fire  clay  (exposed) 2 

The  coal  seam  and  fire  day  band  are  visible  at  a  number  of 
points,  but  are  not  very  accessible.  There  is  no  railroad,  nor  are 
there  any  tofwtns  in  the  vicinity  of  the  outcrops. 

Hardin  Cotmty. —The  Coal  Measure  shales  have  been  devel- 
oped at  three  points  in  the  county ;  Iowa  Falls,  Eldora  and  Gif- 
f ord ;  the  first  along  the  north  fork  of  the  Iowa  river  and  the  last 
two  below  the  junction,  and  also  on  the  bottom  land  of  the  South 
fork.  Along  the  north  fork  of  the  Iowa  river,  from  about  a  mile 
and  one^half  north  of  Gifford  to  some  distance  above  Steamboat 
Rook,  a  red-brown  sandstone  appears  prominently  in  the  bluffs. 
In  the  vicinity  of  Eldora,  day  shales  appear  in  the  valley  walls. 
North  of  town  along  the  Iowa  river,  on  either  side  of  the  wagon 
road,  two  coal  seams  appear  a  few  feet  above  the  water  in  the 
river.  The  fire  clay  below  the  lower  seam  has  a  good  reputation 
and  was  used  formerly  in  the  manufacture  of  pottery.  East  of 
Eldora,  along  on  thlei  east  side  of  the  river,  thie  following  section 
may  be  observed: 

PBBT. 

5.  Drift 5-15 

4.     Sandstone,  red,  fermginous 30-40 

3.     Shales,  variegated,  fissile,  oxidized  to  a  yellowish- 
brown  above  but  gray-blue  to  deep  blue  below. 

The  variegated  appearance  is  due  in  large 
measure  to  the  seams  and  flattened  lenses  of 
fine,  white  sand 12 

2.     Talus  slope,  beds  concealed  but  probably  made  up 

of  shales  largely 20  30 

1.     Sandstone,  friable 10-20 

The  beds  are  repeated  west  of  the  river;  the  sandstone,  how- 
ever, is  much  more  prominent.     The  clay  shales,  number  3  in 
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the  section,  have  bfeem  used  to  a  limited  extent  by  the  clay  plants 
in  Eldora^  but  mth  results  not  altogether  satisfactory,  on  account 
of  the  sand  seams. 

On  the  Iowa  river  bottom*  north  of  Eldora,  a  clay  pit  has  been 
opened  by  the  Eldora  Pipe  and  Tile  Company,  who  haul  the  day 
to  their  plant  in  the  city.  A  fair  grade  of  fire  clay  is  obtained 
in  the  vicinity,  an  analysis  of  which  is  given  herewith. 

Silica 72,09 

Alumina , ^ 16.24 

Combined  water 5. 18 

Clay  and  sand 93.51 

Iron  oxide 1 .  08 

Lime 0.48 

Magnesia 0.48 

Potash 1 .  08 

Soda 0 .  77 

Total  fluxes 3.89 

Moisture 2.46 

Sulfur  trioxide 0.14 

Calculated  on  a  water  free  basis,  the  total  fluxes  amount  to 
scarcely  more  than  four  per  cent,  or  more  accurately,  4.36  per 
cent.  The  clay  is  highly  plastic,  shrinksi  but  little  during  the 
processes  of  drjdng  and  burning,  is  excellently  adapted  to  the 
manufacture  of  pottery,  fancy  and  mottled  brick,  and  would 
doubtless  give  a  fair  grade  of  fire  brick  when  mixed  with  a  lib- 
eral amount  of  *'grog"  and  properly  made. 

High  grade  clays  also  occur  south  of  Eldora,  about  one-half 
mile  norths  of  Gifford,  on  thie  bottom  land  of  the  south  fork  of  the 
Iowa  river.  From  two  to  four  feet  of  stripping  is  required,  below 
which  is  a  section  of  nearly  twenty  feet  of  shale  clays.  These  beds 
have  been  developed  for  some  forty  years,  and  are  at  present  used 
by  the  Eldora  Pipe  and  Tile  Works  and  by  the  Marshalltown  Pot- 
tery Company.  Analyses  of  two  of  the  types  give  the  following 
results : 
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CLAY  No.  1. 

Silica.... 78.49 

Alumina 10.24 

Combined  water 3.33 

Clay  and  sand 92.06 

Iron  oxide 4.32 

Lime 51 

Magnesia 44. 

Potash 1 .  23 

Soda 81 

Total  fluxes 7.31 

Moisture,  sulfur  trioxide  and  carbon  dioxide 84 

CLAY  Ko.  2. 

Silica 63.27 

Alumina 20.21 

Combined  water 8.50 

Clay  and  sand 91 .98 

Iron  oxide 4. 32 

Lime 99 

Magnesia 42 

Potash 64 

Soda 55 

Total  fluxes 6.92 

Moisture,  sulfur  trioxide  and  carbon  dioxide 98 

'rational  analyses. 

1  2 

Clay  substance 14.81  41.10 

Feldspar 4S.21  12.22 

Quartz 36.98  46.68 

100.00      100.00 

Both  clays  are  relatively  low  in  fluxes  and  are  highly  plastic. 

Just  south  of  the  town  of  Gifford  the  Coal  Measure  shales  out- 
crop along  a  small  stream  and  have  been  developed  by  the  Gif- 
ford Brick  and  Tile  Works.    The  pit  shows  the  following  beds: 
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FBBT. 

2.     Drift,  on  north  Bid«  of  pit  &reiiaceons  to   gravelly 

below,  loosely  compacted  dirty,  yellow 0-3 

On  south  side  of  pit  a  heavy,    blaejolnt   day,  ox- 

idtied  a  red  brown  along;  tbe  joints 0-3 

Z.  Sbale,  deep  blue  (almost  black  when  wet)  consider- 
ably oxidized  where  unprotected  by  drift, 
becomes  arenaceous  eastward  and  coDtaint  but 
Httleiron ■. 8 

The  shale  bums  a  pale  red,  works  rather  easily  and  makes  a 
atroDg  tile  when  properly  burnt 

No  other  shale  ontcrope  are  known  below  this  point  within  the 
limit?  of  the  county. 


nneatone  Qnarrle*"  BhowInK 


Iowa  Falls,  lows. 


the  Iowa  river  wh(  of 


AVest  of  Iowa  FaJIs  the  Coal  Measures  form  two  small  detached 
areas  along  the  Iowa  river.  Near  the  so-called  ' '  Honestone  Quar- 
ries" tbe  following  beds  may  be  viewed: 


t 
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FBBT. 

7.  Drift  of  variable  thickness  Up  to 50 

6.  Shale,    arenaceous 10 

5.  Shale,  sandy  to  shaly  sandstone 3 

4.  Shale,  variegated,  blue  to  yellow 4 

3.  Sandstone,  iine-fcrained ,  ^f ay-blue,  forming  a  pro- 
jecting ledge 2 

2.  Shale,  fissile,  gray-blue,  to  deep  blue  when  wet..  30 

UNCONFORMITY. 

1.     Limestone,  cherty  and  much  weathered,  exposed..      5-10 

Near  the  streamsi  wliich  are  tributary  to  the  Iowa  riven  the  drift 
covering  is  much  thinner  and  the  shales  are  much  more  accessible. 
These  beds  are 'being  developed  by  the  Iowa  Falls  Brick  and  Tile 
Company.  A  semi-fire  clay  api>ears  in  the  section,  from  which  a 
fair  quality  of  fire  brick  is  being  manufactured.  All  of  the  clays 
run  low  in  fluxes  and  are  fused  with  diflSculty. 

Humboldt  Cotmty.— The  CoaJ  Measures  are  believed  to  cover 
the  southern  portion  of  Humboldt  county.  Along  the  west  fork 
of  the  Des  Moines  river,  a  short  distance  southwest  of  Bradgate, 
a  white,  arenaceous  shale  outcrops  near  the  wagon  bridge.  The 
white  shale  is  quite  plastic  when  wet,  and  several  feet  of  varie- 
gated shales  rest  upon  it.  The  section  continued  upward  con- 
sists of  five  feet  of  green,  siliceous  shale  and,  finally,  twelve  feet 
of  gray  plastic  clay.  Over  this  lies  fourteen  feet  of  gravel  and 
yellow  bowlder  clay.  The  major  portion  of  the  section  is  believed 
to  be  suitable  for  the  manufacture  of  any  of  the  common  clay 
wares,  and  might  possibly  be  suitable  for  sidewalk  block  and  vit- 
rified wares.    None  of  the  seams  have  been  exploited. 

Jasper  Coujity.— The  Coal  Measures  cover  almost  the  entire 
county,  but  shale  outcrops  are  not  very  common,  owing  to  the 
great  thickness  of  the  drift,  especially  in  the  northern  and  eastern 
portions,  and  consequent  talus  slopes.  In  the  southern  portion 
of  the  county  the  ^^Redrock"  sandstone  appears  prominently 
along  the  stream,  ways.  Two  miles  above  Lynnville  a  coal  shaft, 
known  as  the  Black  Oak  shaft,  penetrated  the  following  beds : 
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FBBT. 

11.  Drift 5 

10.  Clay  shale,  light  colored  above,  unctuotis 6 

9.  Coal   4 

8.  Fireclay S 

7.  Sandstone,  soft,  massive,  upper  six  inches  indurated  5 

6.  Shale,   somewhat    fissile,    irregular  concretionary 

bands  of  iron-stone  at  base 20 

5.  Coal IH 

4.  Fireclay X 

3.  Shale,    bituminous 8 

2.  Coal VA 

1 .  Fire  clay,  (exposed) 2 

The  shale  above  the  upper  coal  seam  is  quite  persistent  and 
could  be  mined  readily  with  the  coal.  It  has  been  tested,  and 
gives  a  good  quality  of  structural  brick.  It  has  not  been  devel- 
oped, owing  to  lack  of  transportation  faciliti)3s.  Near  the  head' 
of  Birch  creek,  about  one  mile  from  the  town  of  Monroe,  the  Coal 
Measures  are  being  developed  by  tlie  Monroe  Brick  and  Tile 
Company. 

Stoneware  is  also  manufactured  on  a  small  scale.  The  pit  cecv 
tion  is  as  follows : 

m 

5.  Bowlder  clay,  occasionally  lime  bearing 3}i 

4.  Shale,  strong,  plastic,    pink 2 

3.  Shale,  dark  blue,  plastic 3)4 

2.  Shale,  bituminous,  fissile 2X 

1 .     Shale,  white  siliceous,  in  lower  part 10^ 

Number  1  has  been  used  in  the  manufacture  of  pottery.  The 
entire  section,  with  the  exception  of  number  5,  can  be  utilized  in 
the  manufacture  of  common  brick,  hollow  ware  and  probably  vit- 
rified brick. 

Jefferson  County. ^The  Coal  Measures  cover  much  the  greater 
portion  of  the  county.  As  the  county  has  been  considerably  dis- 
sected by  streams  and  the  drift  is  comparatively  thin,  numerous 
shale  sections  are  exposed,  although  shales  are  being  utilized  at 
but  a  single  point,  at  Fairfield. 
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Neoir  the  southeast  comer  of  the  county,  along  a  small  ravin/e 
running  into  Cedar  creek,  on  the  southeast  quarter  of  section  35, 
Round  Prairie  township,  the  following  section  may  be  observed: 

FEST. 

5.     Shale,  black 12 

4.     Sandstone,   white,    with  imbedded   fragments   of 

charcoal 1>^ 

3.     Clay,  arenaceous 1 

2.    Shale,  white,  arenaceous 3 

1.     Sandstone,   white 3 


^ 


To  the  westward  numerous  good  exposures  of  shales  are  visi- 
ble along  Cedar  creek  and  small  tributaries.  Among  the  best  of 
these  may  be  mentioned  the  bluff  on  the  south  side  of  the  creek 
on  section  29,  Cedar  township,  which  shows  the  following  beds : 

FBBT. 

6.  Sandstone,    yellow 3 

5.  Shale,  yellow 3 

4.  Coal  of  the  common  bituminous  kind  above,  change- 

ing  into  cannel  coal   below l}4 

3.  Fire  clay 3 

2.  Shale,    dark,  becoming  highly  carbonaceous  and 

bituminous  below •••*.    6 

1.  Shale,    green,  extending  down   to   the  bed  of  the 

creek ; ...      4 

On  the  northwest  quarter  of  section  32,  in  Fairfield  township, 
the  beds  are  decidedly  more  arenaceous  and  the  sequence  is  as 
follows : 

FBBT. 

7.  Shale,  soft,  arenaceous   with   alternating  bands  of 

sandstone 7 

6.  Sandstone,    cross- bedded,     somewhat    coarse- tex- 

tured       10 

5.  Shale,  gray,  arenaceous,  thinning  toward  the  west.       3 

4.  Sandstone,  gray,    slightly  cross-bedded  and  mica- 

ceous     7 

3.  Coal,  thinning  to  the  east  and  running  out  to  the 

west ,  greatest  thickness 1  ^ 

2 .  Fire  clay,  gray  and  arenaceous 3 

1 .     Fire  clay  and  shale  (partly  concealed) 7 
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One-fourth  of  a  mile  south  of  the  center  of  section  28  is  located 
the  clay  pit  of  Raney  Brothers  Brick  and  Tile  Plant  The  pit 
section  is  as  follows: 


r 

l^'2           4 

1 

i 

Fio.  S'.    BsnerBrothHraBrlchBiidTUePlmot.  rilrfleU,  lows. 

FBBT. 

7.    Lo«S9  and  bowlder  clay ....     15 

6.  Coal y, 

5.  Fire  day.   whiio 2 

4.  Staale,  black,  with  some  crystals  of  gypsam 3 

3.  Coal 1 

2 .  Fire  cluy,  white ...      4 

1.     Saadstone,  greeaisb,  fiae-grained.  micaceous 1 

Exposures  similar  to  the  pit  section  continue  along  tlie  small 
creek.  In  Liberty  township  sections  are  eonwnon  along  Cedar 
creek.  A  good  exposure  may  be  viewed  in  the  north  bluff  east 
of  the  wagon  bridge  in  section  3,  aod  shows  the  following  beds: 

PBBT. 

7.  Shale,  gray,    disintegrated  and  contaiolDg  crystals 

oE  gypsum,  aod  a  calcareous  seam  which  bears 
fossils  and  concretions 25 

6.  Coal 1 

5.  Sandstone,  browo 1-5 

4.  Shale,  black 1 

3.  Coal I 

3.     Fire  clay  and  shale 10 

1.     Coal,  partially  concealed  near  bed  of  creek 2 
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A  generalized  seotiaii  of  the  Coal  Measures  for  Liberty  town 
ship  would  be  as  follows : 


9.  Concretionary  limestone 1-5 

8.  Shale,  gjay 5 

7.  Coal 0-3 

6.  Fireclay 0-4 

5.  Sandstone,  hard,  gray 0-5 

4.  Shale 30 

3.  Shale  bituminous 1-3 

2.  Coal 3 

1.  Fire  clay,  and  shale 7 

The  preponderance  of  shales  in  the  above  section>  is  obvious, 
and  yet  none  are  being  utilized  in  clay  manufactures. 

In  the  western  tier  of  townships,  shale  exposures  are  still  com- 
mon.  On  the  west  bank  of  Competine  creek,  in  the  southeast 
quarter  of  section  21,  in  Locust  Grove  township,  a  r>3presentative 
section  may  be  seen.    The  sequence  is  as  follows : 

PBBT, 

5.  Shale,  bituminous 1 

4,  Shale,  sandy,  greenish,  in   places  dark  and  with 

septarian  nodules 15 

3.  Sandstone,  argillaceous,  greenish  and  calcareous..  ^-  1 

2.  Shale,  arenaceous,  green 8-10 

1 .    Limestone,  brecciated ,  concretionary 3  | 

Jefferson  county  possesses  good  railway  facilities,  and  doubt- 
less the  shale  clays  which  are  more  than  ordinarily  aiccessible  will 
receive,  at  some  future  time,  the  attention  their  importance  merits. 

Keokuk  County.— The  Pleistocene  deposits  cover  the  entire 
coimty  and  attain  an  unusual  thickness,  averaging  from  100  tc 
200  feet  over  the  uplands.  Only  the  larger  streams  have  cut 
throaigh  the  drift,  exposing  the  older  rocks.  The  Coal  Measure?? 
occupy  the  greater  portions  of  Prairie  and  Washington  town 
ships,  and  a  number  of  isolated  i)atches  occur  over  the  southern 
half  of  the  count^^  Along  Coal  creek,  in  the  vicinitv'  of  What 
Cheer,  unimlix>rtant  cropsi  of  shales  appear,  but  are  usually  much 
obscured  by  drift-slides.    The  principal  coal  horizons  are  usually 
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acoampanied  by  important  fire  clay  seams.  One  of  these  has  been 
tested  for  pottery,  and  the  results  were  all  that  could  be  desired . 
None  of  the  beds,  however,  have  been  exploited  commercially. 
Extensive  developm«ent  of  the  shales  and  clays  could  only  be  done 
by  using  mining  methods. 

The  fire  clay  which  aocom.panies  the  principal  coal  seams  of 
the  What  Cheer  district  has  been  analyzed,  and  the  results  ai'e 
as  follows: 

Silica 62.75 

Alumina 22.00 

Combined  water ', 6.92 

Clay  and  sand 91.67 

Iron  oxide 2.28 

Lime 0.65 

Magnesia 0.39 

Potash 1.93 

Soda 1 .  49 

Total  fluxes 6.74 

Moisture 0.84    * 

Sulfur  trioxide 0.69 

RATIONAL  ANALYSIS. 

Clay  substance 40. 1 1 

Feldspar 5.52 

Quartz 54.37 

100.00 

The  fluxes  run  low,  and  the  clay  is  highly  pjastio.  It  burns  a 
light  buflF  and  requires  more  than  2,800  degrees  Fahrenheit  to 
fuse  it.    ' 

Near  Delta  the  glacial  debris  is  somewhat  thinner.  About  one 
mile  and  a  quarter  southeast  of  town,  a  shaft  sunk  by  Martin 
Fisher  penetrated  the  following  beds : 

FEET. 

5.  Drift 4 

4.  Shale,  bituminous  below 0 

3.  Coal 41>^ 

2.  Fireclay  41^^ 

1.  Shale,  bituminous 
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A  small  Coal  Measure  outlier  about  two  and  one-half  miles 
north  of  Maiiinsburg  furnishes  a  fair  grade  of  day  which  has 
been  used  to  a  limited  extent  by  the  local  brick  and  tile  plants  in 
admi'^xture  with  the  siurfaoe  clays.  Other  small  outliers  would 
furnish,  doubtless,  good  material  for  the  various  grades  of  clay 
wares,  but  no  attempts  have  been  miade  as  yet  to  utilize  them. 

Lee  County,— Several  more  or  less  detached  Coal  Measure  out- 
liers form  the  country  rock  in  the  northern  and  western  portions 
of  the  county.  In  Franklin  township  some  coal  has  been  mined. 
On  the  northeast  quarter  of  the  northeast  quarter  of  section  4, 
the  old  Hardwick  mine  and  slope  along  Sugar  creek  show  tlie 
following  section : 

PBST. 

5 .  Drift 3 

4.  Sbale,  bituminous 1 

3.  Coal Syi 

2 .  Fire  clay,  arenaceous 2 

1 .  Shale,  arenaceous  (exposed) 3 

On  the  northwest  quarter  of  section  10,  in  the  same  township, 
a  more  extensive  outcrop  is  exposed.  The  following  beds  come 
into  view,  the  upper  beds,  only,  belonging  to  tie  Coal  Measul'es  : 

FBBT. 

7.     Drift 10 

6.  Coal 2 

5 .  Fire  clay 2 

4.  Sandstone,  soft ,  quartzose 5 

3 .  Limestone,  coarse,  irregular 2 

2.  Shale,  calcareous 1 

1 .  Limestone,  shaly  above  to  sandy  below 11 

North  of  Keokuk,  near  Rand  Pa  rk,  some  exploratory  work  for 
coal  has  been  done.    The  section  is  as  follows: 

PBST. 

6.  Drift ' 20 

5.  Shale,  dark,  bituminous 6 

4.  Coal l}i 

3.  Fireclay H 

2 .  Sandstone ,  brown ,  coarse-grained 10 

1 .     Limestone,  brecciated  (exposed) 8 
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Below  Eeokuk,  above  Nassau  slough,  shaJe  beds  appear  but 
they  have  not  been  developed.  Clays  and  shales  are  available  at 
other  points,  but  as  yet  but  fesble  attempts  have  been  made  to- 
ward their  utilization.  In  many  instances  sufficient  coal  is  found 
in  the  inmiediate  locality  to  bum  the  clays. 

Lucas  Caw-wfi/.— Although  the  county  lies  well  within  the  Coal 
Measure  area,  good  sections  are  rare,  on  aooouait  of  the  generous 
drift  covering  and  absence  of  large  streams.  The  shale  clays 
have  not  been  developed  within  the  confines  of  the  county.  The 
best  exposures  occur  on  the  Chariton  river,  Whitebreast  creek 
and  along  the  Little  Wliitebrea&t  and  its  tributaries  in  the  vicin- 
ity of  Chariton  and  Cleveland.  Five  miles  northeast  of  Cle\  e- 
land,  the  bluff  section  along  Whitebreast  creek  is  as  follows : 

FEET. 

12.  Drift .' 5 

11 .  Shale,  argillaceous,  variegated 4 

10.  Coal \yi 

9.  Fire  clay 1 

8.  Shale,  variegated 8 

7.  Limestone,  impure,  earthy  in  places 2 

6.  Shale,  ash  colored ,  calcareous  below 6 

5 .  Limestone ,  bluish ,  nodular  in  places 2 

4.  Shale,  black,  bituminous,  fissile m 

3.  Coal \}i 

2.  Fire  clay 2 

1.  Shale,  light  colored,  sandy  in  places 

Here,  as  elsewhere  in  the  county,  wherever  the  Coal  Measures 
are  exposed  the  shales  and  clays  are  gieatly  in  the  predominance 
and  most  of  them  are  suitable  singly  or  in  combination  for  the 
manufacture  of  the  various  grades  of  clay  wares. 

Miodison  Coimty.— The  upper  Coal  Measures  occupy  a  con- 
siderable portion  of  the  county.  Thie  margin  is  deeply  lobular, 
owing  to  profound  stream  dissection.  The  lower  Coal  Measures 
formi  the  country  rock  over  the  northeast  quarter  of  the  county 
and  follow  the  more  iniportant  stream  ways  well  toward  the 
western  and  southern  boundaries  of  the  county.  Good  expos- 
ures are  common  and-  easily  accessible;  the  best  for  the  lower 
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Coal  Measures  may  be  observed  in  South  township.  The  most 
complete  section  occurs  on  a  small  branch  of  Chariton  creek^ 
which,  takes  a  west  and  north  course  across  sections  35,  34  and 
27.  The  section  heads  near  the  Etes  Moines  and  Kansas  City 
railroad,  while  the  base  of  the  section  reaches  almost  to  the  right- 
of-way  of  the  Chicago  Great  Western  railroad.  Th©  sequence  is 
as  follows : 

FBBT.      INCHES. 

22.     Shales,  drab,  argillaceous 12 

21 .     Shales ,  red,  argillaceous 3 

20.     Limestone,  fragmental ,  earthy,   with  bits  of 

fossils 2 

19.     Shales,  blue  to  green,  argillaceous,  grading 

into  red  below 3 

18.     Shales,  blue   to  green,  sandy,  with   nodular 

segregations  of  limestone 12 

17.     Shales,  blue,  calcareous 12 

16.     Limestone,  compact 2 

15.     Limestone,  fragmental,  loose    10 

14.  Limestone,  fragmental,  but  firmly  cemented, 

reddish  color 1 

13.  Shales,  green,  argillaceous 29 

12.  Limestone,  blue  to  black,  in  two  ledges 1 

11 .     Shale,  carbonaceous 2 

10.     Shale,  clayey,  drab 1 

9.  Shale,  yellow,  sandy,  with  marked  horizontal 

bedding  planes 4 

8.     Shales,  black  to  drab,  carbonaceous 6 

7.     Limestone,  nodular,  sandy 1         4 

6.     Shale,  gray,  sandy 3 

5.     Limestone,  similar  to  No.  7 10 

4 .     Shale,  clayey,  drab  to  blue 10 

3.     Shale,  carbonaceous 1 

2.  Limestone,  thin  bedded,  leaf -like  in  texture..                    3 

1.     Clay,  green 3 

North  of  St.  Charles,  on  the  road  leading  south  across  section 
11,  the  following  beds  are  exposed  along  a  gully.  The  section 
starts  100  feet  below  the  upland. 

FBBT.      INCHBS. 

15.  Drift 6 

14.  Sandstone,  soft,  gray,  with  flakes  of  yellow 

mica 8 

13.  Shales,  sandy,  gray 15 
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FEBr.      INCHES. 

12.  Limestone,  sandy,  fossilUeruus     I         2 

1 1 .  Shales,  carbonaceons,  coaly  below . . . . « ^ 1         4 

10.  Shales,  gray 4 

9.  Sandstone,  heavily  bedded,  with  Lepidundeo- 

drons 4 

8.  Shale,  sandy  above 6 

7.     Coal  6 

6      Shales,  clayey,  variegated 20 

5 .  Shales,  bituminous 1 2 

4.  Limestone,  fragmentary 5 

3.  Shales,  blue  to  gray 6 

2.  Shales,  carbonaceous 2 

1.  Shales,  blue,  clayey,  exposed. 5 

One  of  the  most  important  sections  of  clay  shales  exposed  in 
the  county  may  be  viewed  on  the  south  bank  of  the  Middle  river, 
about  two  miles  southwest  of  Bevington.     The  indurated  beds 

exj)osed  are  as-  follows : 

> 

FEET. 

1 1 .  Limestone,  weathered,  clayey 2 

10.     Shale,  gray  and  drab  in  color 2 

9.  Shale,     yellowish-gray,  grading    into    bituminous 

below 2% 

8      Coal,  decomposed }i 

7.     Fire  clay  more  or  less  impure 4 

6.  Shale,  yellow  to  gray,  sandy,  somewhat  ferrugin  ^us  12 

5.  Shale,  red,  siliceous,  fissile 3 

4.  Sandstone,  micaceous 1 

3.  Shale,  similar  to  No.  6 7 

2.  Shale,  down  to  the  river 15 

1.     Coal \}i 

Siindlar  beds  occur  along  Jones  creek  westward  from  Hawley. 
At  Winterset  the  shales  are  less  important,  limestone  becoming 
the  most  prominent  member  in  the  series  and  is  extensively  quar- 
ried. 

South  of  Patterson  an  exposure  along  a  ravine  in  section  32, 
northwest  quarter  of  southeast  quarter,  in  Crawford  township, 
yields  the  following  section :  '^ 
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FBBT.        INCHBS. 

14.     Shale,  black 2 

13.     Unexposed,  probably  shaled 21 

12.  Shale,   blue,    clayey  above,    gray,    saody 

below 16 

11.     Limestone,  dense,  drab,  fossiliferous 1 

10.     Shale,  bine,  clayey 3 

9      Sandstone,  gray 5 

8      Shale,  clayey,  blue  and  gray 27 

7.    Sandstone,  gray,  nodular 1 

6.     Shale,  sandy,drab 27 

5.  Limestone,  arenaceous,  gray,  fossilifeious.  9 

4.     Shale,  black 2 

3.  Shale,  gray,  clayey  (only  partly  exposed)  . .  30 

2.     Coal 6 

1 .     Shale,  red  (only  partly  exposed) 32 

In  addition  to  these  sections,  numerous  other  outcrops  are  visi- 
ble,  but  the  above  are  the  best  and  are  believed  to  be  fairly  repre- 
sentative of  the  lower  Coal  Measure  series.  It  is  obvious  from 
a  casual  inspection  of  the  sections  that  shales  are  in  great  pre- 
dominance, and  shales  of  the  light  colored,  argillaceous  type.  The 
beds  are  easily  accessible  and  could  be  readied  readily  by  tho 
extension  of  railway  spurs.  Yet  no  exploratory  nor  development 
work  has  been  done  with  a  view  to  uising  the  shale  clays. 

Shales  are  not  so  conspicuous  in  the  upj  or  Coal  Mteasure  por- 
tion of  the  county.  Beds  accessible  and  of  sufficient  extent  to  be 
important  economically  could  be  found,  doubtless,  if  sought,  but 
no  efforts  have  been  made  in  that  direction. 

Mahaska  County.— The  Coal  Measure  beds  underlie  the  super- 
ficial materials  over  nearly  the  whole  county  and  consist  largely 
of  shales.  The  larger  streams  uncover  the  indurated  rooks  and 
render  the  shales  accessible.  The  sections  are  obscured  very  large- 
ly, however,  by  the  glacial  debris.  In  the  southwestern  part  of  the 
county,  shaft  No.  8  of  the  Consolidation  Coal  Company  may  be 
considered  a  type  section  for  the  district.  The  shaft  is  located 
on  the  divide  between  the  Des  Moinles  river  and  Muchakinock 
creek,  section  34,  Des  Moines  township.    The  section  is  as  follows : 
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FBBT. 

8.  Drift 18 

7.  Shale,  gray,  arsillaceoa^ 32 

6.  Coal Hi 

5.  Sandstone 4 

4.  Shale,  bitnminons 49 

3.  Coal 7 

2.  Fire  clay  grading  into  gray  shale 35 

1 .  Limestone  (Saint  Louis) 

Usually  the  drift  is  so  thick  on  the  divides  that  open  pit  work 
is  impossible;  the  shales  could  be  developed  only  through  min- 
ing. Numerous  outcrops  along  Muchakinook  creek  display  a  wide 
assortment  of  shale  clays,  none  of  which  haive  been  utilized.  The 
only  point  in  the  county  where  the  shales  are  utilized  is  at  Oska- 
loosa.  The  pit  of  the  Oskaloosa  Paving  Brick  Company  shows 
the  followinig  beds: 

FBBT. 

5.  Drift,  largely  altered  loess  with  some  gneiss  pebbles 

and  a  few  large  bowlders  disseminated  in  it ... .     20 

4 .  Shale,  blue,  makes  a  good  brick  but  does  not  stand 

the  frost  as  well  as  the  bottom  clay 10 

3 .  Shale,  very  bituminous 2 

2.  Coal,  good  quality,  apparently  the  attenuated  edge 

of  a  four-foot  seam    formerly  worked    in  the 

southern  slope  of  the  same  ridge 1^  to  2 

1.     Shale,  gray,  homogeneous  except  for  thin  lines  of 
'   coal  and  occasional  pyrite  balls.     Plant  remains 
abundant 30 

Numbers  1  and  4  are  blended  and  the  resultant  mixture,  when 
properiy  burned,  yields  a  good  quality  of  paving  brick  as  well  as 
builders  and  face  brick.  The  fire  clay  below  the  coal  seam  bums 
a  buff  color,  and  when  made  into  brick  by  the  dry  press  process, 
gives  a  superior  face  brick.  Some  experimental  work  has  been 
done  in  the  manufacture  of  mottled  face  brick  and  floor  tile,  with 
good  success.  For  ordinary  builders,  some  of  the  loess  may  be 
added  without  harm  to  the  product.  No  analysies  of  the  clay  or 
tests  of  the  ware  have  been  made. 
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The  Coal  Measure  shales  appear  wesit  of  town,  one  of  the  best 
sections  being  exposed  on  an  extension  of  Third  street,  about  one- 
half  mile  beyond  the  city  limits.  The  following"  beds  may  be 
here  observed : 


6.    Soil 2 

5.     Gravel,  fine 2 

4.     Clay,  yellow,  jointed  12 

3.     Shale,  clayey,  bine 10 

2.  .Coal 3 

1 .     Fire  clay,  exposed 

A  number  of  years  ago,  numbers  3  and  4  were  used  in  the  man- 
ufaoture  of  common  brick.  Number  1  is  used  to  a  limited  extent 
at  the  present  time  at  a  small  factory  west  of  the  old  Guthrie 
yard.  The  Coal  Mleasure  clay  is  mixed  with  the  surface  soil  and 
manufactured  into  common  soft  mud  brick. 

Most  of  the  fire  days  which  accompany  the  principal  cool 
seams  are  of  economic  importance,  and  one  or  two  were  used  to 
some  extent  a  few  years  ago  in  the  manufacture  of  pottery.  No 
pottery  is  made  within  the  limits  of  the  county  at  present. 

Marimi  County. — The  Coal  Measures  cover  the  entire  county 
with  the  exception  of  narrow  aireas  along  the  principal  water- 
ways in  the  eafltem  part  of  the  county,  where  they  have  been 
removed  through  erosion.  Shales  and  clays  are  less  predominant 
here  than  in  most  of  the  Coal  Measure  counties.  The  *'Red 
Rock"  sandstone  assumes  considerable  importance  and  gives 
character  to  the  topographic  features  along  the  Des  Moines  river. 
Good  shale  sections  are  not  common.  Along  Whitebreast  creek 
some  of  the  most  extensive  outcrops  may  be  observed,  but  they 
are  far  removed  from  railway  lines  at  present.  In  the  northeast 
quarter  of  section  4,  in  Dallas  township,  the  following  beds  occur : 


THB    GOAL    MBA8UBBS.  453 

FBBT.         INCHBS. 

11.  Loess  and  drift 10 

10.  Shale,  yellow,  argillaceous 5 

9.  Shale,  bit umiDous 3 

8.  Coal,  very  soft 1  2 

7.  Fire  clay 2  3 

6.  Coal 4 

5.     Fireclay 2  6 

4.  Sandstone,  thinly  lamioaced,  white.. 1 

3.  Sandstone,  massive,  buff 4 

2 .  Shale,  gray,  arenaceous 3 

1 .  Shale,  bituminous  (exposed) 10 

Other  exposures  appear  on  Whitebreast  creek.  One  of  the  best 
occurs  about  four  miles  to  the  northeast,  in  the  southeast  quarter 
of  section  19,  in  Knoxville  township.    The  section  is  as  follows : 

FEET.         INCHES. 

9.  Clay,  yellow,  derived  from  decayed  shale.      5 

8.  Shale,  bituminous 5 

7.  Coal,  very  soft 1  6 

6      Fire    clay,   arenaceous,  extremely  hard, 

much  fractured  and  filled  with  root 
casts 4 2 

5.  Sandstone,  gray,  thinly  laminated  above 

and  massive  below 12 

4 .  Shale,  arenaceous 1  4 

3.  Sandstone,  gray,  soft 2  6 

2 .  Shale,  arenaceous 5  9 

1.  Sandstone,  massive,  buff  to  gray,  irregu- 

larly cross-bedded,  exposed  to  water    25 

Farther  east  and  south,  the  sandstone  memjbers  become  much 
more  important,  although  certain  beds  of  shale  persist  and  doubt- 
less are  thick  enough  to  merit  consideration.  Along  Coal  creek, 
in  Pleasant  Grove  township,  the  Coal  Measures  aire  quite  well 
exposed;  the  following  section  may  be  taken  as  a  fair  sample. 
(Northwest  qimrter,  northeast  quarter  of  section  20.) 

FBBT. 

8.  Surface  waste 5 

7.     Coal : 1% 

6.  Fire  clay 2 

5.  Shale,  light,  argillaceous 2}i 

4.  Shale,  drab ,  arenaceous 5^ 

3.  Sandstone,  gray,  thinly  laminated  usually,  massive 

in  places 3 

2.  Shale,  gray,  arenaceous 3 

1 .     Shale,  bituminous,  exposed  to  water 13 
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A  workable  ooal  seam  lies  but  a  few  feet  below  the  stream  bed. 
Hene,  as  in  other  coal  ooumtiesy  fire  clays  of  workable  thickness 
acoompaDy  the  coal  seams  and  could  be  mined  readily. 

Monroe  Coimty. ^The  stratified  shale  clays  of  the  Coal  Meas- 
ures cover  ahnost  the  entire  county,  although  they  are  only  ex- 
posed along  the  stream  ways.  The  most  accessible  sections  appear 
in  the  northteast  half  of  the  county.  Ahnost  every  ravine  in  the  vi- 
cinity of  Buxton  and  Hiteman  exhibits  liberal  sections  of  argillar- 
ceous  beds  above  the  water  line  and  are  not  deeply  covered  by  sur- 
face materials.  Shales  appear  lower  in  the  valley  Walls  along  Coal 
and  Cedar  creeks  and  their  tributaries,  and  the  streams  draining 
east  from  the  divide.  Many  of  the  exposures  are  located  directly 
on  railroad  lines,  or  within  easy  reach  of  suich  lines.  Near  the 
center  of  the  northwest  quarter  of  section  8,  Pleasant  township, 
an  excellent  section  of  shale  days  is  exposed  which  may  be  con- 
sidered fairly  representative  for  the  district.  The  sequence  is  as 
follows : 

FBBT. 

7.  Drift,  exposed 5 

6.  Shale,  clayey . 10 

S.Coal 1 

4.  Clay 2i 

3.  Sandstone 3 

2.  Shale 35 

1.  Coal c , 4 

With  the  exception  of  the  drift,  which  contains  considerable 
calcareous  matter,  and  the  coal  seams,  the  entire  assemblage  of 
beds  could  be  utilized.  Here,  as  elsewhere,  the  drift  has  greatly 
obscured  natural  sections,  but  systematic  prospecting  would  un- 
doubtedly show  the  presence  of  an  abundance  of  suitable  mate- 
rial near  the  railroads.  In  Bluff  Creek  township,  at  the  point 
where  the  Chicago  &  Northwestern  railroad  crosses  the  creek  in 
section  5,  shale  beds  may  be  observed  as  follows : 

FBBT. 

3.  Shale   4 

2.  Coal 5 

1.  Shale 10 
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Pl^TE  XXI.    Section 
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The  drift  at  this  point  is  of  vaxiaLle  thickness,  usually  not 
great.  Coal  is  easy  of  access,  and  could  bo  produced  cheaply  for 
burning  the  product  Nearly  all  of  the  ravines  and.  small  tribu- 
taries in  this  vicinity  exhibit  clays  and  shales  suitable  for  manu- 
facturing purposes,  and  many  of  the  exposures  are  easily  accessi- 
ble and  could  be  developed  cheaply.  One  of.  the  prospect  holes 
put  down  by  the  Consolidation  Coal  Company  gives  a  fair  idcii 
of  the  wealth  of  shales  and  days  available. 

Tp.  73  N.,  R.  XVII  W.,  Sec.  17,  Ne.  qr.,  Ne.  1/4. 

PERT. 

1 1 .  Drift  and  surface  wash 9 

10.  Clay,  shale,  unctuous 16 

9.  Shale,  black,  somewhat  bituminous 5 

S.Coal i 

7.  Sandstone,  friable 10 

6.  Shale,  argillaceous 79 

5.  Coal U 

4.  Sandstone 2^ 

3.  Shale 45 

2.  Shale,  bituminous,  bowldery 6 

1 .  Coal,  impure  above    4i 

In  Guilford  township  the  Wapello  Coal  Company  has  done  con- 
siderable prospecting  with  the  core  drill.  On  the  upland  the  drift 
is  prevailingly  thick,  but  on  the  lowlands,  or  second  bottom  lands, 
the  drift  has  been  removed  in  large  part  and  the  shales  and  clays 
are  within  easy  working  range.  A  drill  hole  put  down  in  the 
northeast  quarter  of  the  southwest  quarter  of  section  12  may  be 
considered  typical  for  the  vicinity.  The  sequence  of  beds  i>eno- 
Irated  is  as  follows: 

FBKT. 

12.  Drift  and  surface  wash 17 

11.  Shale,  clayey 16 

10.  Coal U 

9.   Fire  clay ,  impure 7i 

8.  Sandstone 12 

7.  Shale,  somewhat  bituminous 5i 

•6.  Coal 3i 

5 .  Sandstone 5| 

4.  Shale,  blue  black  6 

3    Sandstone 22 

2.  Shale,  bituminous  below 44i 

1    Coal 5i 
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In  the  vicinity  of  Hooking,  in  Troy  township,  the  Coal  Meas- 
ures are  .more  arenaceous  in  character;  at  least,  the  arenaceous 
beds  predominate  in  the  outcrops  exposed  aJong  the  small  streams. 
West  of  Hocking,  the  outcrop©  along  Cedar  creek  paralleled  by 
the  Chicago,  Burlington  and  Quincy  railway,  ane  prevailingly  are- 
naceous in  character,  although  accompanied  by  important  shale 
seamfe.  In  the  eastern  portion  of  the  county,  along  Soap  creek 
and  the  Averies,  shale  crop®  are  common,  but  no  very  extensive 
beds  are  known.  Most  of  the  outcrops  are  greatly  obscured 
by  the  heavy  drift  talus  and  vegetation.  No  systematic  prospect- 
ing has  been  done  in  the  county  for  shales  and  clays,  and  no 
serious  attempt  has  been  made  toward  their  utilization.  By  far 
the  largest  amount  of  clay  wares  consumed!  are  imported,  not- 
withstanding the  fact  that  Monroe  county  possesses  unsurpassed 
facilities  in  the  way  of  an  abundance  of  excellent  raw  materials 
and  cheap  fuel. 

Montgomery  County. — Tliick  beds  of  Coal  Measure  shales  are 
known  to  exist  over  the  northeast  comer  of  the  county,  but  aw- 
ing to  the  tliickness  of  the  drift  covering  thej^  are  not  very  accessi- 
ble. Their  availabilitj^  is  seriously  iuDpaired,  also,  on  account  of 
the  absence  of  good  railway  facilities  in  that  portion  of  the 
county.  The  limestone  members  in  the  upper  Coal  Measures 
here,  as  in  other  counties  in  southwestern  Iowa,  are  quite  strongly 
developed,  while  the  shales  are  much  less  im/portant  than  in  the 
counties  farther  east.  The  sliales  which  do  occur  are  often  cal- 
careous or  carry  calcareous  concretions,  both  of  wliich  seriously 
impair  their  usefulness  for  clay  working.  The  section  exix>sed 
in  the  Fate  quarn%  at  Stennett,  gives  a  good  idea  of  the  upper 
Coal  Measures  as  they  are  developed  in  the  county.  The  details 
of  the  section  are  showTi  in  the  accompanying  figure  and  are  as 
follows : 
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IMCHBS. 

10.  Limestone,  residual 5  6 

9.  Shale,  calcareous 6 

8.  Limestone,  gray,  fine-textured  1  7 

7.  Shale,  buff  to  gray,  argillaceous 3  4 

6.  Limestone,  variable,  earthy  below 5 

5.  Clay,  buff 1 

4.  Limestone,  blue  above,  cherty 6 

3.  «hale 2' 

2    Limestone^  variable 5 

1.  Shale 1  6 

Numbers  1  tx>  5  are  not  exposied  in  the  figure.  At  Villisca  the 
limestone  beds  are  less  prominent  Just  south  of  town  the  Vil- 
lisca Brick  and  Tile  Company  have  opened  a  pit  in  which  lime- 
stones?, are  absent.    The  section  is  as  follows : 

FBBT. 

5.  Loess,  yellow  to  brown  or  gray,  jointed  in  upper  part.     12 

4.  Sand,  clean;  thickness  varies  from  one  inch  to 2 

3.  Shale,  argillaceous,  dark  gray  to  green  in  color 4 

2.  Shale,  argillaceous,  light  gray 3 

1 .  Shale,  gray  to  light,  rather  finely  siliceous 

Number  3  is  of  good  quality ;  number  2  contain^  thin  shells  and 
crinoid  stems  in  considerable  abundance,  but  is  usable.  Number 
1  is  from  twenty  to  sixty  feet  in  thickness  as  determined  by  bor- 
ings, but  is  imperfectly  expoeed  at  the  pit  It  can  be  used  when 
mingled  with  some  of  the  beds  above,  but  is  too  siliceous  to  be 
used  satisfactorily  alone.  This  is  the  only  i)oint  in  the  countj'^ 
where  the  Coal  Measure  shales  are  being  developed. 

Mnscatine  Coiintj/.— The  Coal  MeaBures  occupy  a  considerable 
portion  of  M^ntpelier,  Sweetland  and  Bloomington  townships. 
This  basin  extends  into  Scott  county,  following  the  great  bend  of 
the  Mississippi  river.  The  series  of  beds  as  they  are  developed 
in  this  basin  are  very  variable.  A  thin  seami  of  coal  appears  at 
€1  number  of  points  and  is  usually  accompanied  by  an  important 
bed  of  fire  day  which  has  been  developed  to  some  extent  by  the 
local  potteries  at  Fairport.  In  section  30  of  Sweetland  town- 
ship, thi  series  is  essentially  made  up  of  shales.    The  old  Hoor 
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coal   bank  in  the  tast    half  of  the  section  is   reported  to  have 
shown  the  following  beds: 

FRET. 

5.  Shale,  bluish,  argil 'aceous    10 

4 .  Sandstone .  rather  compact 2 

3.  Coal 3 

2.  Fire  clay,  soft,  gray 4 

1 .  Concealed  to  the  river 30 

Some  of  the  clay  used  by  the  potteries  is  obtained  from  the 
Illinois  side.  A  portion  is  secured  along  Pine  creek  and  from 
a  pit  along  a  small  stream  north  of  Fairport  Only  the  comr 
nioner  varieties  of  ix>ttery  are  attempted.  The  results  are  satis- 
factory, but  operations  are  carried  on  on  a  small  scale. 

The  Coal  Measure  shales  present  limited  exposures  at  Mhisca- 
tine.  One  of  the  best  is  known  as  the  Powder  House  Clay  Pit, 
and  is  situa.ted  above  the  track  about  one-half  mile  east  of  the 
river  bridge.    The  sequence  of  beds  is  as  follows : 

FBBT. 

4.  Shale,  hard,  gray,  impure 2 

3.  Coal,  decomposed,  soft 1| 

2.  Shale,  dark  gray,  siliceous | 

1 .  Shale,  light  gray,  slightly  sandy 4 

m 

Numl>er  1  has  been  used  to  some  extent  by  the  local  potteries. 
It  bears  some  iron  oxide  in  seanis,  otlierwise  it  is  nearly  free 
fr.'nn  impurities.  The  drift  rests  unoonformably  upon  the  Coal 
Measures  and  is  covered  with  loess.  At  Butlerville,  about  two 
iniles  northwest  of  Muscatine,  an  argillaceous  shale  a.ppears.  It 
is  gray  to  blue  in  color,  fairty  plastic,  but  lacks  ''body*'  and  crip^ 
]>les  under  high  temperatures.  It  is  reported  about  six  feet  in 
tliickness  and  rests  on  sandstone.  It  could  doubtless  be  blended 
with  some  of  the  surface  clavs  and  used  satisfactorilv  in  the 
manufacture  of  hollow  ware.  A  good  section  of  shales  was  form- 
erly developed  at  Montpelier.  It  is  located  about  onie-half  mile 
north  of  town.     The  sequence  is  as  follows: 


THB    COAL    MEASURES.  461 

FEET. 

13.  Drift,  lime  bearing 3 

12 .  Shale,  light  blue,  darker  below 10 

1 1 .  Limestone,  impure,  ferruginous | 

10.  Shale,  impure,  pyritiferous 3 

9.  Coal ,  sandy  and  pyritiferous If 

8.  Shale,  finely  siliceous,  gray 17 

7.  Sandstone ,  fine-grained 1^ 

6.  Shale,  bituminous I 

5 .  Coal,  rather  pure 2i 

4    Shale,  dark  gray,  in  part  impure 5 

3.  Shale,  black } 

2.  Coal 3 

1 .  Sandstone 7i 

The  lower  four  members  are  not  visible,  but  have  been  explored 
by  drilling.  Number  12,  only,  has  been  used  in  clay  manufactur- 
ing. It  is  of  good  quality,  fairly  pure,  containing  occasional  sul- 
fur balls  which  could  be  readily  removed.  The  other  shale  mem- 
bers could  be  used  by  blending  with  number  12,  but  no  attempts 
have  been  miade  in  that  direction.  The  beds  dip  southeastward, 
and  at  the  present  time  the  plant  is  not  in  operation. 

Page  Coom^t/.— With  the  exception  of  a  few  small  and  unde- 
fined patches  of  Cretaceous  sandstone,  the  rocks  beneath  the  drift 
belong  to  the  Carboniferous  system  and  to  the  upper  Coal  Meas- 
ures, or  Missourian  stage.  These  strata  consist  of  limestones 
and  shales,  the  shales  predominating  as  to  thickness,  but  the  lime- 
stone appearing  in  the  greater  numiber  of  exposures,  owing  to 
their  greater  powers  of  resistance.  The  shales  and  limestones 
foumd  in  Page  county  occupy  a  position  fromi  500  to  600  feet 
above  the  Bethany  or  Winterset  limestones  that  lie  at  the  base 
of  the  upper  Coal  MJaasures.  There  are  two  limlestone  horizons 
in  the  county,  one  represented  by  the  exposures  at  Hawleyville 
and  Bradyville,  and  the  other  by  the  ledges  outcropping  in  the 
valley  of  the  East  Tarkio.  These  limestones  are  separated  by 
more  than  100  feet  of  shale.  Shales  similar  to  these  are  manur 
factured  on  a  large  scale  into  paving  and  structural  brick,  at 
Nebraska  City,  Nebraska,  and  they  are  used  extensively  in  brick 
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making  at  Villisca.  They  have  not  yet  been  developed  in  the 
county.  The  shales  above  the  TarMo  limestone  are  usually  cal- 
careous to  marly  and  perhaps  would  not  prove  very  satisfactory 
in  the  day  industries  unless  carefully  selected. 

The  shales  between  the  limestone  are  not  well  shown  in  the 
county,  but  an  excellent  section  is  exposed  near  Burlington  Junc- 
tion, in  Missouri,  from  which  a  good  idea  of  their  nature  and 
thickness  nmy  be  gained. 

FBBT.      INCHES 

20.  Shale,  blue 10 

19.  Shale,  yellowish-green,  calcareous 3 

18.  Shale,  marly ,  concretionary 2 

17.  Shale,  bluish-green,  not  calcareous 3 

16.  Shale,  yellowish,  calcareous,  concretionary  .       1  6 

15.  Shale,  greenish-blue 1 

14.  Sandstone,  calcareous,  ferruginous 6 

13.  Shale,  sandy,  with  septarian  nodules  in   the 

upper  part 10 

12.  Limestone,  impure,  with  obscure  impressions 

of  fossils 2 

11.  Shale,  sandy 2 

10.  Limestone,  impure,  in  thin  bands  alternating 
with  sandy  shale  which  carries  septarian 
nodules  near  the  bottom,  fossiliferous  ...      5 

9.  Shale,  gray 3 

8.  Thin  layer  showing  cone-in-cone   at  top   and 

bottom,  structureless   in  the  middle....  7 

7.  Shale,  gray  with  occasional   large  septarian 

nodules 25 

6.  Calcareous  band ,  fossiliferous 4 

5.  Shale,  dark,  with  some  calcareous  bands,  fos- 
siliferous near  top,  down  to  level  of  water 

in  river 25 

4.  Shale,  below  level  of  river 30 

3.  Cap-rock 2 

2.  Shale 4 

1.  Coal  (Nodaway) 1  6 

The  colors  in  the  above  section  have  been  modified  somewhat 
by  weathering,  the  yellows  would  be  replaced,  doubtless  by  grays 
and  blues  in  protected  sections^  The  shales  above  the  Tarkio 
limestone  are  not  well  shown  in  the  county. 


THE    COAL    MBA8URES.  463 

Polk  County. — Polk  county  is  centrally  located  in  the  lower 
Coal  Measure  district  of  the  state,  and  in  this  county  the  shales 
have  received  most  attention.  l)es  Moines,  located  south  of  the 
center  of  the  county,  is  the  greatest  day  manufacturing  city  in 
the  state,  and  one  of  the  greatest  west  of  the  Mississippi  river, 
and  bids  fair  to  hold  her  well  earned  premiership  as  a  clay  work- 
ing center.  The  industry  is  yet  scarcely  past  its  infancy.  The 
presence,  in  the  immediate  vicinity,  of  almost  inexhaustible  quan- 
tities of  days  and  shales,  with  countless  possibilities  as  to  manu- 
factured products,  and  easily  accessible,  with  coal  at  -hand,  un- 
rivaled transportation  fadlities,  and  ever  increasing  demand  for 
clay  goods,  the  industry  may  confidently  be  expected  to  make 
rapid  progress  until  it  becomes  the  leading  mianufacturing  indus- 
try in  the  dty.  The  generalized  section  of  the  Coal  Measures  for 
Des  Moines,  ac(5ording  to  Bain,*  is  as  follows: 

FBBT.      INCHES. 

18.     Variegated  clay  shales 13 

17.     Limestone,  blue,  nodular,  weathering  brown, 

fossiliferous 0             8 

16.     Shales,  variegated 8 

15.     Shales,    bituminous,   with   calcareous  con- 
cretionary masses  below,  fossil  bearing.  3 

14.     Coal 2 

13.     Shale,  light  yellow  and  drab 7 

12.     Clay  shale,   variegated 4 

11.     Limestone 0             8 

10.     Shales,  variegated ,  clayey 4 

9.     Limestone,  nodular,  earthy ,  passing  in  places 

into  marl ,  highly  f ossiliterous 6 

8.     Clay  shale,    light   colored 5 

7.     Sandstone,    soft,    micaceous,    becoming  in 

places  an  arenaceous  shale 20 

6.     Shale,  clayey,  gray,  yellow  and  red  in  color  8 

5      Sandstone ,  grayish ,  soft 4 

4.     Coal,  impure,  divided   in  places  into  three 
thin   seams,    which    vary    considerably 

in  thickness 2 

3.     Shale,  light  gray,    fissile 5 

2.     Shale,  light  to  dark  gray,  micaceouc  below 

bituminous  above     6 

1.     Shale,  white,  siliceous  10 

•QdoloRjof  Polkooantj,  Geology  of  Iowa.  Vol.  VU,  pp.  292and29H. 
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Numbers  1  to  7,  iiiclusive,  are  f-bown  at  the  pit  of  thie  Iowa  Pipe 
and  Tile  Company,  east  of  the  river ;  numbers  7  to  12  are  exposed 
at  the  south  end  of  Capitol  Hill ;  numibers  12  to  18  are  shown,  in 
street  cuttings  and  clay  pits  in  the  nortliwestem  portion  of  the 
city.  It  is  obvious  from  the  above  sections  that  the  shales  greatly 
predominate.  They  vary  greatly  in  comiposition,  texture  and 
adaptabilities.  They  are  used  for  the  manufacture  of  the  various 
grades  of  building  and  paving  brick,  sewer  pipe,  conduits  and 
drain  tile,  and  have  been  used  foar  common  pottery.  Certain 
seams  are  believed  to  possess  the  requisite  properties  to  adapt 
them  to  the  mianufacture  of  terra  cotta,  mottled  and  fancy  brick, 
floor  tile  and  enameled  ware.  The  shale  days  have  been  devel- 
oped at  numerous  points  in  and  about  the  city  of  Des  Moines, 
and  the  great  variety  of  shades  and  grades,  with  their  adapta- 
bilities, can  best  be  brought  out  by  a  consideration  of  the  indi- 
vidual pits.  At  no  other  place  in  the  state  have  the  clays  and 
their  mianufactured  products  been  so  thoroughly  studied  and 
tested. 

The  Des  Moines  Brick  Manufacturing  Company.— Thi&  coub- 
pany  was  the  pioneer  in  the  paving  brick  industry  of  Des  Moines 
and  the  sitate.  At  one  time  it  was  the  most  extensive  plant  in  the 
state,  but  in  1899  a  fine  destroyed  the  principal  buildings,  which 
have  never  been  restored,  and  the  plant  has  been  dismantled. 
The  clay  pit  section  is  included  here  because  it  is  believed  that 
the  beds  are  available  further  west,  and  because  elaborate  tests 
have  been  made  of  the  raw  materials.  The  pit  is  located  along 
the  tracks  of  the  Chicagx),  liock  Island  and  Pacific  railway  and 
the  Spirit  Lake  branch  of  the  Chicago,  Milwaukee  and  St  Paul, 
and  shows  the  following  beds  under  a  thin  veneer  of  drift: 

FBBT. 

8.  Clay,  variegated,  hig^hly  refractory,  burning  to  a 
brick  of  medium  toughness,  high  porosity  and 
low  breaking  strength;  thickness,  three  to 
eight  feet,  average 5 
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FBBT. 

7.  Shale  I  streaked  in  color,  mediam  fusibility,  high 
.in  iroQ  and  flaxes;  burns  to  a  brick  of  medium 
toughness,  medium  porosity  and  low  resistance 
to  rupture;  thickness,  three  to  eight  feet, 
average 4 

6.  Shale,  solid  chocolate,  brown  color,  clear  definition; 
brick  show  medium  toughness,  low  porosity 
and  high  modulus  of  rupture 5 

5.  Shale,  solid  color,  clear  to  poor  definition ,  an  aver- 
age clay  with  medium  iron  and  fluxes,  lower 
than  the  clays  above;  bricks  show  low  tough- 
ness, low  porosity,  high  modulus  of  rupture. . .      5 

4 .  Shale,  variegated  clear  to  poor  definition ,  low  in  iron 
and  flaxes,  high  alumina,  bricks  show  medium 
toughness,  low  absorption,  high  modulus  of 
rupture 3 

3.  Shale,  sandy,  solid  color;  bricks  show  low  tough- 
ness, low  absorption,  medium*  modulus  of 
rupture 10 

2.  Shale,  sandy,  clear  definition ,  solid  color,  granu- 
lated texture,  pulverizes  in  the   hand 5 

1.  Shale,  gray,  clear  definition,  easily  fused;  brick 
good  toughness,  high  porosity,  low  modulus  of 
ruptara 20  to  25 

Each  bed  in  the  above  section  was  analyzed  by  C.  0.  Bates, 
Chemist.    The  results  are  given  below : 

87654321 

Silica 70.29    59.18    64  60    64  41    63  23    76.01    67  76    55  56 

Alumina 15.18    21.63    19.20    20.43    24.52    11.94    14.46    21.33 

Combined  water 2.18      3.80      3.96      3.93      2.55      1.41      3.53      4.65 


Clayandsand 87.65  84.61  87.75  88.77  90.30  89.36  85.75  81.54 

Oxide  of  iron 7.32  9.00  7.68  588  5.28  5.40  8.52  10.56 

Lime 0.80  1.06  1.02  0.34  0.32  1.57  1.16  1.59 

Magnesia 1.72  1.85  137  1.71  0.99  1.04  2.36  2.P4 

Soda  and  potash 1.49  152  125  1.90  116  1.80  1.24  2  38 


Total 11.33    13.43    11.32      7.83      7.75      9.81     :3  28     17.47 

Moisture 1.02      1.95      0  92      1.27      1.75      0.65      0.67      0  97 


Total ...100.00    99.99  100.01    98.77    99  80    99  82    99.70    99.98 

For  the  entire  assemblage  the  clay  and  sand  aggregates  85.67 
per  cent  and  the  fluxes  13.22  per  cent,  a  blend  which,  when  the 
mixing  had  been  thoroughly  done,  yielded  a  good  quality  of  pav- 

80 
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ing  brick.  The  bricks  were  thoroughly  tested  and  gave  excellent 
satisfaction.  As  they  are  no  longer  on  the  market,  the  results  of 
the  tests  are  omitted.  The  plant  was  equipped  throughout  with 
up  to  date  machinery  and  was  the  only  plant  in  the  state  to  make 
use  of  the  steam  shovel  in  raining  and  loading  the  clay. 

On  the  east  side  of  the  river,  in  Oak  Park;  the  Flint  Brick  Com- 
pany is  operating  an  extensive  plant  which  was  established  in 
1893.  The  company  mine  their  own  coal  from  a  nearby  shafi 
The  product  is  shipped  over  the  Flint  Valley  line  of  the  street 
railway  or  hauled  by  team  to  the  -various  parts  of  the  city.  The 
old  pit  section  operated  up  to  1902  is  as  follows: 

FBBT.      INCHES. 

12.     Bowlder  clay  up  to 15 

1 1 .  Shale  vari-colored ,  the  lower  portion  is  of  the 

nature  of  a  fire  clay 8 

10.     Shale,  buff  to  gray,  gritty 6 

9.     Limestone,    impure 0  6 

8.     Shale,  red  and  bluish-gray,  laminated 6 

7.  Shale,  brick  red  in  color,  clean,  unctuous..  4 

6.     Shale,  light  gray 0  4 

5.     Shale,  crumbly ,  gray 1  6 

4.     Shale,  blue 28 

3.     Shale,  bituminous 0  8 

2.     Coal,  soft   • 'pockety" 1 

1.     Fireclay * : 1 

The  section  above  number  4  is  fully  exposed  in  the  pit.  The 
lower  numbers  were  encountered  in  sinking  the  shaft.  In  work- 
ing the  pit  numbers  9  and  12  were  wasted.  The  new  pit  opened 
just  north  of  the  wagon  road  which  leads  down  to  the  pla.nt,  does 
not  show  the  limestone  ledge,  as  the  beds  dip  slightly  to  the  south 
and  the  drift  is  much  thinner,  ranging  from  zero  up  to  three  or 
four  feet.  'J^he  beds  from  4  to  2,  inclusive,  are  used  without 
waste.  Chemical  analyses  of  the  raw  materials  used  give  the  fol- 
lowing results: 
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Bottom  Ola  J.  Middle  Clay.  Top  Clay.  Green  Brick. 

Silica 67.50             61.22  67.15           63  75 

Alumioa 15.75             21.12  15.47            19  78 

Combined  water.          3  22             33.75  4.37             2.92 


Clay  and  sand 


Iron  oxide 

Lime 

Ma(2:nesia. . 
Potash  .... 
Soda 


Moisture,  sulfur 
triozide, carbon 
dioxide 


{6.47 

116.09 

86.99 

86  45 

4.80 

5.28 

2  88 

5  75 

2.57 

1  80 

3  17 

1.55 

1.57 

1.44 

2.72 

I  22 

0.95 

0.63 

0.24 

0.54 

1.56 

0.89 

0.58 

1.20 

Total  fluxes..        10.45 


2.88 


10.04 


3.78 


9.59 


3  29 


10.26 


3.88 


RATIONAL  ANALYSES. 


Clay  substance 52.85 

Feldspar 15.80 

Quartz 25.99 

Calcium  sulfate 

Magnesium  sulfate...  >     5.36 
Calcium  carbonate... 


59.12 

53.79 

61.57 

25.32 

8.76 

13.47 

9.59 

33.31 

20.53 

5.97 


4.41 


4.43 


100.00    100.00    100.00    iOO.OO 


The  green  brick  was  taken  as  it  came  from  the  brick  machine, 
and  is  supposed  to  represent  the  blendl  produced  in  actual  prac- 
tice from]  the  various  beds  exposed  in  the  pit  The  mixture 
shrinks  moderately  in  drying  and  burning  and  but  small  loss 
is  sustained  in  either  the  drier  or  the  kiln.  The  ware  bums  to  a 
blue-black  and  produces  a  high  grade  paver.  The  finished  pro- 
duct has  been  subjected  to  an  elaborate  series  of  tests,  the  results 
of  which  will  be  found  in  a  later  chapter.  The  plant  is  equipped 
with  modem  machinery  throughout  and  is  one  of  the  largest  pro^ 
duoers  of  paving  brick  in  the  state.  Building  brick  are  also 
made  to  a  limited  extent. 

Across  the  river  from  the  Flint  plant  are  the  works  of  the  Iowa 
Brick  Company,  which  were  installed  about  ten  years  ago.  The 
pit  worked  until  1903  was  as  follows: 
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Fio.  fit.    Pit  of  the  lovB  Brlok  Oompanri  Dm  Hotnn,  Iowa, 


8.    Shale,  variegated,  reddista-bromi,  mataogany  reds, 
yellowisb,  bluiata-drab,  dark  gray  almost  black, 

the  colori  mottled  parallel  to  beds 6 

7.    Sfaale,  sandy,  light  yellowish- white,  solid  color 6 

6.     Shale,   slightly  sandy  at  top,  pale  bine  streaked 

wilh  chocolate  brown 5 

5.     Shale,  clear  chocolate  brown - i 

4.     Shale,    granular,      dark    solid    drab    with    pnrple 

nodules 3 

3.     Shale,  bluish-drab 6 

2.     Shale,    streaks   of   btownish-drab  and  greenish  to 

chocolate  brown;  strati  He  at  ion  well  defined ....  6 

1.     Shale,  clear  dark  drab,  with  olive  green  tinge 2 

The  diversity  of  the  shales  is  emphasized  when  the  chemical 
analyses  are  inspected.    As  the  pit  was  worked  back  into  the  bluflf 
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the  drift  covering  thickened  greatly  and  stripping  became  so 
expensive  that  a  new  pit  was  opened  west  of  the  wagon  road. 
The  beds  being  developed  at  tlie  present  time  are  similar  to  those 
in  the  old  pit  and  less  expense  is  involved  in  wasting  away  the 
surface  miaterials.  The  results  of  the  analyses  of  beds  2  to  7, 
inclusive,  are  given  below: 


•^    ^ 

t^ 

_  Zj^ 

ii 

,..! 

.    Aportlan  of  the  plant  of  the  lownBHok  Compuij  aha  wing  multiple  stack  kllcB  in  the 
toregroiuid  sml  the  mBahintr;  bnlldlnii  In  the  baokKninDd. 

2            3  4  5              6              7 

Silica 61.59  67.40  60  43  56,29  65,22  73.43 

Alumina 21.01  16  68  20.43  21.97  19.22  11.94 

Combined vratflr   4.51      1  44  6.82  3.59  2  66  4.33 

Clayanasaod..  86.81  85.52  87  68  81  8S  87  10  89.70 

Iron  osid« 4.79      4.31  1.91  6.61  3  35  3.83 

Lime 3.58      3.17  6.59  3.17  2^9        1.00 

Magnesia 2.16      142  187  134  1.44  0  86 

Potash 0.52      0.3S  0  21  0.60  0.59  0.05 

Soda 1.13      1.38  0,90  1  48  1.59  0,95 

Total  fluxes    13.18  ]0,61  1148  15,22  9  96  6.69 

Moistnre 0  42      0.25  .89  0.83  0,39  0.63 

Sulfur    trioside    0  95      1,00  0.45  1.15  1.80        1.65 

Carbon  dioxide                2.99  1.58  1. 58  0.90 


TH»  GKfJLOGX  OF  OLATS. 


RATIONAL  ANAL.TBES. 


Clay    substance 56.79  3t.0O 

Feldspar 21.96  32.77 

Quartz 19.63  30.56 

Calcium  sulfate  '\ 

CalclDin  carbonate       I    1.62  5.67 

Matniesiuai  carboDste  J 


).70      70.66      49.30      41.47 


21.79      34.01      55,29 


FiO.  U.     Represse*  used  b7  the  old  lowkBiialcplsat,  D«MotDea, 


In  the  analyses  where  no  carbon  dioxide  is  ^ven  a  separate 
determination  was  not  made  and  tlie  carbon  dioxide  is  included 
in  the  loss  on  ignition.  In  the  rational  analyses  where  the  sulfates 
and  carbonates  are  not  g^ven  separately,  they  are  included  in 
clay  substance.  Paving  brick,  common  builders  and  hollow 
ware  are  the  chief  products.  The  company  formerly  turned  out 
a  small  amount  of  tena  cotta,  which  is  of  interest  now  as  a  dem- 
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onstration  that  certain  of  the  clay  seams  could  be  used  success- 
fully in  that  line  of  work. 

Southwest  of  the  city,  south  of  the  Raccoon  river,  the  shales 
are  being  developed!  extensively  by  the  Barber  Asphalt  Company, 
successors  to  the  Capitol  City  Brick  and  Pipe  Company,  and  the 
Merrill  Brick  Company.  The  Barber  plant  is  located  on  the 
Chicago  and  Great  Western  and  the  Keokuk  and  Western  rail- 
ways. The  pit,  below  the  glacial  debris,  shows  the  following 
shale  series. 

FBET. 

7.     Shale,  medium  light  drab  with  slight  seams  of  rust, 

plastic,  very  slightly  gritty 7 

6.     Shale,  mottled  and  streaked,  maroon  to  sea  green, 

greenish  and  purplish-brown  rust  in  seams.   ...        4i 

5.     Shale,  medium  dark  bluish-drab,  clean 7 

4.     Fire  clay,  impure,  mottled  purplUh-blue,  dark  gray, 

slight  rust  in  seams 4 

3.  Shale,  soapy,  but  containing  some  grit,  clear  green- 
ish-drab        15 

2 .     Shale ,  very  dark ,  greenish -gray  with  slight  seams  of 

rust H 

1.     Shale,  clear  blue,  sandy 10 

V 

It  is  evident,  on  a  casual  inspection  of  the  above  section,  that 
the  clays  south  of  the  city  show  an  even  greater  diversity  than 
those  to  the  north.  The  analyses  of  the  leading  types  of  clays  in 
the  pit  gave  the  following  results: 

13  4  5         6&7       IX 

Silica 51.16    57.64      69.40      62.22      67.46      58.56 

Alumina 22.26    16.22      16.39      17.90      17.89      22.33 

Combinedwater    7.15      7.43        5.75        5.02       4.04        7.11 


Clay  and  sand..  80.57  81.29  91.54  85.14  89.39  88.00 

Ironoxide 11.20  10.32  3.36  5  52  5.12  2.87 

Lime 1.29  1.78  0.81  1.58  0.75  3.60 

Magnesia    1.94  1.58  0  42  1.55  1.72  1.44 

Potash 2.92  2.17  104  2.81  1.09  0.29 

Soda 0  87  12.41  0.54  2.76  187  1.08 


Total  flaxes....    18.22     18  26        6.17      14.22      10  55        9.28 


Moisture ^ 


Sulfur  triozide. 
CarboQ  dioxide  ^ 


yi.Sl      0.49        2.37  .64        0.40        2  93 
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BATION&C  ANALYSES. 


Clay  substance  51.53    44.49     44.12 

Feldspar 4.42      9.54       8.57 

Quariz 44  05    45.97      47.31 


39.79  38.00  64.45 
9.7Z  1L.19  4  38 
50.49      50.81      31.17 


100  00  100.(0    100.00    100  00    100  00    100  00 

In  the  analyses  the  carbon  dioxide  is  included  in  the  loss  on 
ignition  and  the  caldum  and  magnesium  sulfates  and  carbonates 
are  included  under  clay  sutotanoe  In  the  rational  analyses.  Pav- 
ing brick,  eomnion  builders  and  dtain  tile  are  the  chief  manufac- 
tured products. 


Fio.  U.     Pit  of  the  Uerrill  Briak  Companr,  Dea  Moines,  Iowa. 

The  shales  become  less  constant  to  the  southwest,  and  a  thin 
section  of  coal  and  a  band  of  bituminous  shale  appear.  The  pit 
of  the  Merrill  brick  plant,  located  about  one-half  mile  to  the  south- 
west of  the  Barber,  shows  the  following  section: 
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7.  Soil  and  loess 3 

6.  Shalo.  bituminoas t 

S.  Shftle,  blue  lo  gray  and  buff - 4 

4.  Sbale,  red-brown,  more  or  less  variegated,  coataialDg 


3.   Shale,  blue  to  gray 

2.   Coal  

1.  Sbale,  light  gray  ... 


All  of  the  material  in  tiie  pit,  except  the  coal  and  bitaminous 
shale,  is  used  in  tlie  manufacture  of  common,  builders  and  paving 
brick. 


Fia.  U.    A  portion  ot  the  plant  of  the  Herrlll  Brick  Companj,  Dm  Uolre^.  lona. 

The  Coal  Measure  outcrops  around  the  base  of  Capitol  Hill 
present  a  decidedly  arenaceous  facies  which  renders  them  unde- 
sirable for  clay  working.  At  the  south  end  of  the  hill  some 
twenty-five  fest  of  irregularly  bsdded  sandstone  appear  above 
the  railway  tracks.  Northward  along  the  river,  the  beds  rise 
slowly  and  an  excellent  section  may  be  viewed  in  the  pit  of  the 
Iowa  Pipe  and  Tile  Company,  which  is  given  herewith: 
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FKBT. 

9.  Shale,  argillaceous,  yellow 20 

8.  Shale,  clayey,  gray,  yellow  and  red... 8 

7.  Sandstone,  gray,  soft 4 

6.  Shale,  black,  in  part  clayey H 

6.  Sandstone,  gray 4 

4.  Coal,  impure,  shaly li 

3.  Shale,  light  gray» 5 

2.  Shale,  light  gray  to  dark 6 

1.  Shale,  white,  siliceous 10 

Sewer  pipe  and  drain  tile  only  are  produced.  Some  difficulty 
is  experienced  in  securing  a  good  salt  glaze,  owing  to  the  gypse- 
ous character  of  the  clays. 

The  Iowa  Pipe  and  Tile  Company  has  opened  a  second  plant 
about  a  quarter  of  a  mile  below  the  Flint  plant.  The  shales  used 
are  closely  similar  to  those  developed  in  the  pit  of  the  Flint  Brick 
Company.  Drain  tile,  hollow  block  and  cammlon  brick  constitute 
the  manufactured  products. 

Several  other  plants  in  and'  about  Des  Moines  are  using  the 
shale  clays  in  part  or  wholly,  the  most  important  being  the  Shack- 
elford yard  in  North  Des  Moines-,  the  Dale  Brick  Comi)any  in 
southeast  Des  Moines  and  the  Newman  Brick  Company  just  out- 
side the  corporate  limits,  near  Hastie. 

The  beds  developed  show  no  new  phases  of  especial  impor- 
tance. The  Pixley  Conduit  Company  is  operating  a  plant  in 
South  Des  Moines. 

Outside  of  the  city  the  Coal  Measure  shales  have  been  little 
used,  although  they  are  available  at  a  number  of  joints.  At  Al- 
toona,  the  waste  from)  a  local  coal  mine  was  used  fonnlerly  by 
mixing  with  surface  material,  which  has  later  been  abandoned. 
The  Polk  City  Tile  Works,  at  Polk  City,  uses  shales  which  are 
hauled  from  a  pit  near  the  Des  Moines  river. 

Poweshiek  County. — Owing  to  the  great  thickness  of  drift  and 
the  fact  that  the  streams  have  done  little  work  in  cutting,  expos- 
ures of  indurated  rocks  are  rare.    The  Coal  Measure  shales  show 
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somewhat  obscure  sections  in  Union  and  Sugar  Creek  townships. 
Even  here  beds  which  are  accessible  are  not  common.  Near  the 
old  Petit  mine  workable  shales  are  exposed.  Some  twenty-five 
feet  of  elay  shales  somewhat  variable  in  character  oould  be  used 
in  the  manufacture  of  clay  wares.  No  attempts  have  been  made 
toward  their  utilization. 


7io.  GT.    CU7  pit  of  the  DsTenport  Brlok  uid  PftvlDg  Oonipui j,  BoSalo,  Iowa. 

Scott  County.— A  numbar  of  Coal  Measure  outliers  occur  here 
which  appear  to  belong  to  the  Illinois  eoal  field,  but  have  been 
separated'  but  recently  by  the  narrow  valley  of  the  Mississippi 
river.  The  most  extensive  tract  covers  most  of  Buffalo  township, 
in  the  sonthwiestemi  part  of  the  ooimty,  and  sometimes  about  an 
equal  distance  into  Muscatine  county.  The  Davenport  Brick  and 
Paving  Ccwnpany  are  developing  the  shales  at  Buffalo,  The  pit 
shows  the  following  beds : 
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8.  Loess  7 

7    Bovlderclay,  red,  brownish-red 5 

6.  Shale,  wtathered  fray  aad  ocbreoos  yellow  rtadily 
disintisratiti^,  joints  and  seams  and  Fpaces  be- 
tween laminae  filled  wiifa  ochreoui  accumulation!:..      5 

5.   Shale,  black,  finely  laminated 12 

4.  Shale,   gray  3 

3.  Sbale,  dark  drab  and  black,  brittle,  fine-KTaiaed, con- 
taining ferruginous  nodules  and  nodular  layers 42 

2.  Shale,  gray,  disclosed  in  shaft  below  bottom  of  pit 26 

I,  Rock,  hard  ledge 


Fio.  93.    Plant  of  the  DaTeoport  Brink  and  Paving  Compear,  Boilalo,  Iowa. 

Common  builders,  paving  brick,  sidewalk  and  yellow  ware  con- 
stitute the  manufactured  products. 

The  next  largest  area  in  tlw  county  is  situated  about  two  miles 
soutliwest  of  LeClaire,  directly  on  the  river.  At  Island  City  the 
LeClaire  Brick  and  Tile  Comjmny  are  using  the  shales  in  the 
manufacture  cf  common  brick  and  drain  filie.  The  pit  section 
is  as  follows: 
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FEET. 
7,   Loesiaad  drift,  variable  in  thickness 

6.  Cannel  coal 2 

5.  Potter's  clay 4 

4.  Coal I 

3.  Fireclay.. 4 

2.  Sbale,  gray 2 

1.  Sbale,  blue-black,  to  bottom  of  pit ZO 


Plant  oC  the  Le  Claire  Brisk  mad 


Well  borings  in  the  immeddate' vicinity  demonstrate  ttiat  the 
shales  continue  down  more  than  one  hundred  feet  below  the  bot- 
tom of  the  pit,  but  no  attempt  has  been  made  to  utilize  them. 

Story  County.— The  county  lies  within  the  recognized  limits 
of  the  Coal  Measures,  but  owing  to  the  great  thickness  of  the 
glacial  debris  and  the  slight  cutting  of  streams,  shale  exposunes 
are  comparatively  rare.  Pits  have  been  opened  and  are  being  de- 
veloped near  Mlaxwell,  Nevada  and  Roland.  Shale  outcrops  along 
the  Skunk  river,  near  Story  City,  were  formerly  utilized  to  a 
limited  extent  The  pit  at  Maxwell  is  located  about  one  mile  east 
,  of  town  and  shows  the  following  beds : 
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FBBT. 

4.  Drift,  weathered  above,  but  calcareous  below 6 

3.  Shale,  gray,  slig^htly  arenaceous 8 

2.  Shale,  variegated,  much  iron-stained  along  the  joint 

and   bedding  planes;    a   limonitic,  concretionary 
layer  occurs  about  two  feet  from  the  base;  iron 

concretions  are  common  throughout .V      7 

1.  Sandstone Exposed 

Common  building  brick  and  hollow  ware  are  the  chief  manu- 
factured products.  Along  the  west  branch  of  Indian  creek  the 
Coal  Measure  shales  oomie  near  the  surface  in  the  vicinity  of 
Nevada.  About  one  mile  west  of  town  they  are  being  developed 
by  Mr.  S.  M).  MoHose.    The  pit  shows  the  following  section : 

FEBT. 

7.  Drift,  bowldery,  calcareous 5 

6.  Shale,  blue,  variegated;  containing  much  ferruginous 
staining  along  the  joint  planes  and  known  as 
"calico  clay" 12 

5.  Sandstone,  gpray i 

4.  Shale,  gray-blue,  jointed;  containing  some  concretion- 

ary matter 3 

3.  Shale,  carbonaceous i 

2.  Fire  clay 2 

1.  Shale,  jointed,  highly  ferruginous;  exposed 2 

Common  structural  brick  and  drain  tile  are  the  chief  products, 
although  satisfactory  paving  brick  and  sidewalk  block  are  made 
in  varying  quantities.  With  the  exception  of  numbers  5  and  7, 
the  entire  section  can  be  utilized.  Sufficient  iron  is  present  to 
give  a  good  color. 

At  Roland'  about  eight  feet  of  shales,  light  gray  above  and  dark 
below,  are  available  and  are  usually  mixed  with  surface  wash. 
Onlv  the  common  wares  are  mjanufactured. 

Taylor  Conniy.— The  upper  Coal  Measures  are  supposed  to 
form  the  superficial  indHirated  rocks  ovier  the  entire  county. 
They  comprise  beds  of  hard  limiestone,  bituminous  and  clay 
shales.  Exposures  of  any  note  are  practically  limited  to  the 
western  tier  of  townships,  along  the  East  Nodaway  and  West 
Fork  rivers  and  their   immediate   tributaries.      Coal  has  been 
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mined  for  some  years  along  the  East  Nodaway,  first  by  drifts 
and  later  by  shafts.  The  shales  and  clays  accompanying  the  coal 
seams  are  suitable  for  the  manufacture  of  the  oommon  clay  wares. 
They  could  not  be  worked  extensively  save  by  mining.  None 
have  been  used  up  to  this  time. 

Union  County.— The  upper  Coal  Measures  extend  over  the 
entire  county.  Outcrops  are  rare  save  in  the  southeast  quarter  of 
the  county.  Along  Grand  river,  below  Afton  Junction,  sections 
showing  shales  and  limestones  are  riot  unoomanon,  the  former 
beds  predominating.  Some  of  the  clay  shales  carry  considerable 
calcareous  matter,  but  many  of  the  beds  are  pure  enough,  doubt- 
less, for  the  common  clay  wares.  No  attempts  have  been  made 
to  develop  them. 

Van  Buren  County. — The  Coal  Measures  present  numerous 
outcrops  along  the  Des  Moines  river  and  its  tributaries,  but  have 
been  but  little  developed.  They  consist  essentially  of  various 
colored  shales,  with  occasional  thin  seams  of  coal  and  friable 
sandstone.  About  one  mile  northeast  of  Douds  Station,  in  Vil- 
lage township,  the  Findlay  mine  section  is  as  follows: 

FBBT. 

12.  Concealed 20 

11.  Shale,  blue,  arg;illaceous 10 

10.  Coal i 

9.  Shale,  arenaceous,  filled  with  plant  remains 1 

8.  Coal  i 

7.  Shale,  becoming  more  argillaceous  below 3 

6.  Coal i 

5.  Sandstone,  filled  with  plant  remains 1 

4  Fire  clay 1  to  2 

3.  Shale,  black,  fissile   above,  more   compact   below 

and  filled  with  clay-ironstone  concretions 4  to  5 

2.  Coal,  sometimes  partially  cut  out   by  the  nodular 

masses  above.. 3  to  4 

1.  Fire  clay 2    . 

The  beds  are  quite  variable,  the  coal  seams  often  not  appearing. 
The  coal  horizons  are  usually  accompanied  by  beds  of  fire  clay, 
some  of  which  are  suitable  for  the  manufacture  of  potterj'  and 


484  THE   GEOLOGY   OF   CLAYS, 

have  been  used  to  a  limited  extent  for  that  piurpose,  as  at  Vernon 
and  Farmington. 

Wapello  County. —Hhe  Coal  Measures  cover  practically  the 
entire  county.  The  Saint  Louis  limestone  appears  along*  the  Des 
Moines  liver  and  its  immediate  tributaries  from  Ottumwa  to  the 
northwest  comer  of  the  coumty,  and  the  river  ha®  uncovered  a 
small  tract  in  the  southeast  comer.  Representative  shale  sec- 
tions may  be  viewed  at  numerous  points,  but  have  been  devel- 
oped only  at  Ottumwa.  Along  Bear  creek,  a.bout  two  miles  west 
of  the  city,  near  the  Kansas  City  division  of  the  Chicago,  Mil- 
waukee &  Saint  Paul  railway,  the  following  beds  may  be  ob- 
served : 

FBET. 

15.     Drilt : 20 

14.     Shale,  argillaceous,  gray,  saody  in  upper  part  ?0 

13.     Shale,  black  carbonaceous,  fissile. 3 

12.    Sandstone 3 

11.     Shale,  gray,  argillaceous 2 

10.     Shale,  black,  fissile,  carbonaceous 5 

9.     Coal,  impure  and  bony,  pyritic H 

8.     Fire  clay,  filled  with  plant  remains 1 

7.     Shale,  gray,  argillaceous 5 

6.     Shale,  black 6 

5.     Sandstone k 

4.     Shale,  black 4 

3.     Coal,  bony,  impure H 

2.  Shale,  black,  carbonaceous,  fissile,  rich  in  plant  re- 
mains    i 

1.    Shale,  gray,  argillaceous,  exposed  to  creek 20 

In  the  above  section  the  coal  seams,  sandstone  layers  and  drift 
could  not  be  used,  and  perhaps  some  of  the  bituminous  shales 
would  need  to  be  rejected.  The  gray  shales  would  undoubtedly 
yield  a  good  grade  of  clay  ware  and  are  present  in  sufficient  quan- 
tities to  permit  the  safe  use  of  much  of  the  bituminous  material 
which  could  not  be  used  alone. 

Near  the  limits  of  the  city,  to  the  northwest,  the  Ottumwa 
Brick  and  Construction  Company  have  been  in  successful  opera- 
tion for  a  number  of  years.    Their  pit  section  is  as  follows: 
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Via.  eo.    Pit  of  the  Ottnmwi  Brlok  uid  CoiutmatloD  Compui;,  OttnmwA,  Iowa, 


12,  Drift _- „ 3 

11.  Shale,  argilUceons,  gray 20 

10.  Shale,  blacV 4  to  10 

9.  Coal 1 

8.  Fire  clay • 1 

7.  Sandst  .ne.  argillaceous S  to  7 

6.  Shale,  black,  fissile ., Z 

S.  Saodstone.  argillaceous,  gray,  iasiagleledge..... 4 

4.  Shale,  gray  argiilaceuus 4 

3.  Shale,  black 1 

2.  Coal 3  to  4 

1.  Fire  clay , 6  to  8 

The  beds  aie  e.xceedingly  variable  when  traced  laterally.  All 
are  used  in  tlie  manufacture  of  clay  wares  save  the  coal  seam, 
number  2,  which  lias  been  used  for  fuel.  The  green  brick  bold 
their  shape  well  in  the  drier  and  in  the  kiln,  and  vitrify  with  diffi- 
culty when  numtwrs  5  and  7  are  used.  A  good  grade  of  \'itrified 
products  can  he  made  from  the  gray,  argillaceous  shales.  Com- 
mon brick  and  licllOw  ware  are  successfully  burned  in  a  Dunn 
compartment  continuous  kiln. 
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About  two  miles  southeast  of  Ottumwa  on  Sugar  ereek,  near 
the  bridge  of  tlie  Chicago,  Burlington  and  Quiney  railway,  the 
following  section)  may  be  viewed : 

9.  Saadstone ,  10 

8.  Shale,  black  fissile 12 

7.  Coal ^ Z 

6.  Kire  clay 3 

S.  Coal 2  to    4 

4.  Fire  clay  and  argillaceous  shale 10  to  12 

3.  Shale,  black IS  to  20 

2.  Obscured,  probably  shale 8  to  10 

1.  Saint  LoDis  limestone  exposed  in  creek  bottom  4 

All  of  the  beds  above  number  1  witli  the  exception  of  the  coal 
seain&  and  a  portion  of  number  9  could  be  used  doubtless  in  the 
manufacture  of  clay  goods.  The  coal  seams  afford  an  abundance 
of  fuel. 


Fio.  01.    OompartmeDt  contlnv 


B  kiln.  nodlBEKl  '-Dnii_ 
iUon  Compou;.  Ottamwa, 


1 ;  OttamwB  Brick  and  OoD' 
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Recently  (»iisiderable  exploratory  work  has  been  done  about 
one  and  one-half  miles  northeast  of  the  eitj-  along  the  head  watei-s 
of  Sugar  creek.  One  of  the  most  important  test  pits  reveal? 
the  following  section: 

PHKT. 

7.     Drift    and     sarface  wash;    the    lower    portion 

charged  with  pebbles  and  bowlders 0  to  10 

6.     Shale  day.  yellow  and  clayey  where  weathered, 

gray  where  protected 6 

5.    Coal,  soft,    imptire i 

4.    Shale,  dark,  bluish-black,   argillaceous 61 

3.    Shale  clay,    light  colored,    a  putty  clay    when 

weathered 5 

2.    Coal,  bony I 

1.    Shale,  compact,  light  gray,  exposed ...  3 


Fio.  Kf.     Uodilled  Ddud  coDtlniKKui  kiln  In  protrr*  of  Ponrtrn''tlan:  Ottcnivn  Brick  *nd  Con- 
Blmniion  Company,  OtIomB»  lows. 

With  the  exception  of  the  thin  coal  seams  and  the  drift  the 
entire  section  could  he  utilized  and  a  large  variety  of  wares  could 
be  produced.  The  shales  show  considerable  variations  in  the 
numerous  outero]is  exposed  within  a  radius  of  a  few  hundred 


THE    COAL    MEASUKES.  489 

yards.  Two  hundred  yards  east  of  the  pit  described,  fifteen  feet 
of  gray  shale  are  visible  along  a  sliarp  gully.  This  shale  quite 
closely  resembles  number  1  in  the  section  but  is  more  siliceous. 
Below  are  appended  the  analyses  of  numbers  1,  3,  4  and  6  in 
the  section  and  a  sample  from  the  gully  mentioned  which  is  given 
as  sample  x. 

1  3  4  6  X 

Silica  58.84  53.86         49.00         55.00  55.87 

Alumina 21.70  26  28  29  31  24  63  23.79 

Combined  water 6  95  8:06  10  38  5.36  4  87 

Clay  and  sand 87.49         88  20         88  69*        84.99         84  53 

Iron  oxide 5. 16  4.32  4.56  7  92  9  36 

Lime 91  .12  .57  .82  .46 

Magnesia 67  .43  .24  .71  .86 

Potash 1.90  2.52  1.22  1.82  152 

Soda 2.45  .43  .f7  .98  1.06 

Total  fluxes 11.09  7.82  7.26  12.25  13.26 

Moisture 84  3  02  3.25  2.49  1.85 

Sulfur  trioxide 45  1.22  .94  .16  .35 

RATIONAL  ANALYSES. 

Clay  substance  50.20         58.64         51.46         41  20         45.36 

Feldspar 23.53  6.27  6.32         14.19  12  73 

Quartz 26.22  35.09         42  22  44.61  4191 

Total 100.00        100.00        100.00        100.00        100.00 

Sample  number  1  is  highly  plastic,  burns  a  light  buflf  color  and 
is  compaTatively  free  from  impurities  and  would  undoubtedly 
give  excellent  service  as  a  potter's  clay.  It  shows  moderate 
shrinkage  and  could  be  used  to  advantage  in  tlie  manufacture 
of  face  brick  and  fancy  shapes.  Number  3  bums  a  gray  buff, 
while  numbers  6  and  x  burn  a  deep  red  and  vitrify  easily.  A 
mixture  of  all  burns  a  deep  red  at  a  moderate  tem53erature  and 
readily  takes  on  the  blue-black  hue  at  the  point  of  vitrification, 
the  color  so  much  prized  by  manufacturers  of  paving  brick. 
Actual  kiln  tests  were  made  by  the  Barber  Asphalt  Company 
of  Des  Moines  and  gave  excellent  results. 
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Shales  are  exposed  at  numerous  points  in  other  portions  of 
the  county,  but  no  attempt  has  been  made  to  exploit  them  with 
the  exception  of  small  quantities  of  fire  clay  mined  at  some  of 
the  coal  mines. 

Warren  Couyity.—Wsrren  county  lies  wholly  within  the  Coal 
Measures  and  is  deeply  trenched  by  numierous  streamways,  thus 
exposing  many  sections.  Shales,  argillaceous  to  arenaceous, 
constitute  the  pnadcminant  type  of  rocks.  Occasional  thin  bands 
of  limiestone  and  thicker  beds  of  friable  sandstone  appear. 
Many  of  the  outcrops  are  too  far  away  from  established  lines 
of  railway  to  be  available  at  present  for  the  shipping  trade. 
The  sections  given  below  may  be  considered  representative  and 
do  not  in  any  way  exhaust  the  possibilities. 

RICHMOND  TOWNSHIP,  SEC.  24.  8.  W.  QR.  NB.  H- 

FBRT. 

3.     Drift 12 

2.     Shale,  clayey   to   sandy,    thinner    banded    above, 

heavier  below 32 

1.  Sandstone,  re^,   heavy,  cross-bedded,  with  pyritic 

concretions  exposed 14 

On  the  same  side  of  tlie  river,  about  one  mile  south  of  the 
above  exposure,  on  section  25,  the  beds  are  as  follows : 

FBET. 

5.     Drift,  variable  in  thickness. 

2.  Shale,  bluish-gray,  thinly  laminated  with  sandstone 

below ^.. 40 

1.     Talus  to  river 9 

The  shales  in  both  sections  would  undoubtedly  yield  a  fair 
grade  of  the  common  clay  wares.  Good  sections  continue  to  the 
southwest  along  South  river,  one  of  the  best  appearing  on  the 
southeast  quarter  of  northeast  quarter  of  section  3,  in  Union 
township,  which  is  as  follows: 
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FEET. 

10.  Drift IS 

9.  Shale,  black 2 

8.  Coal 1 

7.  Shale,  argillaceous,  gray 4 

6.  Limestone,  gray,  fossiliferous 2 

5.  &>hale8,  argillaceous,  gray 8 

4.  Coal 3» 

3.  Shale,  bluish-gray,  sandy  below 34 

2.  Coal  1 

I.  Shale,  exposed  to  river 2\ 

All  of  the  members  developed  here  could  be  used  in  clay 
manufactures,  save  the  coal  seams  and  numbers  6  and  10.  The 
coal  could  be  used  to  bum  the  wared  and  furnish  heat  and  power 
for  their  manufacture.  The  beds  dip  gradually  to  the  southwest. 
On  section  9  a  similar  though  less  extensive  section  may  be 
viewed.    Good  sections  are  also  visible  in  sections  17  and  30. 

South  of  Ackworth,  near  the  Chicago,  Burlington  and  Quincy 
railroad,  a  complicated  series  of  beds  are  exposed.  The  section 
is  given  below: 

FBBT. 

13.  Loess,  variable  in  thickness. 

1?.  Limestone,  compact,  fossiliferous 1 

II.  Shale,  argillaceous,  black 4 

10.  Coal I 

9.  K ire  clay  above,  shale  clay  below 8i 

8.  Sandstone,  irregular,  varying  from  shaly  sandstone 

above,  to  true  shale   below li 

7.    Sandstone,  gray,   friable H 

•    6.    b  hale,  gray,  thin  irregular  band,  arenaceous 6i 

5     Sandstone,  reddish-brown i 

4.  ShaW,  argillaceous,  gray  above  and  dark  below....  fi 

3.     Coal i 

2.     Fire  clay  and  shale 1 

1.     Talus  to  river  (probably  shale) 2 

• 

The  above  section  could  be  used  in  its  entirety,  with  the  excep- 
tion of  nmnber  12,  and  perhaps  portions  of  5,  7,  8,  and  10  would 
need  to  be  rejected.  The  beds  assume  a  more  arenaceous  facies 
to  the  southwest,  and  while  important  seams  of  shale  still  x>ersist, 
the  outcroi>s  are  considerably  obscured  by  the  heavy  sandstone 
talus  and  dWft  debris. 
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In  the  southeast  comer  of  the  county,  along  Whitebreast  creek, 
a  heavy  sandstone  appears  near  the  tpp  of  the  section  and  greatly 
obscures  the  beds  below.  Thick  shale  beds  are  known  to  be  pres- 
ent but  could  only  be  developed  by  mining. 

The  Winterset  branch  of  the  Chicago,  Rock  Island  and  Pacific 
railway  closely  follows  Middle  river  across  the  county  and  ren- 
ders accessible  commercially  the  numerous  shale  outcrops.  South 
of  Carlisle,  above  the  wagon  bridge  in  section  15,  the  following 
series  of  beds  are  exjwsed : 

FEET. 

8.  Shale,  argillaceous 1 

7.  Coal : ; i 

6.  Shale,  clay 5 

5.  Sandstone U 

4.  Shale,  argillaceous,  dark  below 3 

3.  Coal f 

2.  Fire  clay  and  shale,  containing  nodular  bands  at  d 

thin  seams  of  sandstone 14 

1.  Shale,  argillaceous,  dark  above,  exposed  to  river 2 

With  the  exception  of  numbers  3  and  5,  the  section  in  its 
entiretv  could  be  utilized.  At  Summerset  the  sandstone  members 
come  in  more  prominently  near  the  base  than  in  the  preceding 
section.    The  sequence  is  as  follows: 

PEBT. 

9.  Loess 14 

8.  Sandstone,  calcareous f 

7.  Shale,  argillaceous 6i 

6.  Coal  1 

5.  Fire  clay 41 

4.  Shale,  sandy,  gray 3i 

3.  Sandstone,  gray  1 

2.  Shale,  gray 2 

1.     Sandstone,  heavily  bedded 2 

About  a  mile  and  one-half  southwest  of  Spring  Hill  a  fairly 
clean  section  is  exposed  and  presents  only  a  moderate  amount 
of  stripping.    The  following  beds  may  be  observed : 
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PBBT. 

10.  Loess 2 

9.  Coal,  badly  weathered ^ 

8.  Coal,  gray,  with  thick  bands  of  sandstone 10 

7.  Shale,  blue  above  and  black  below 4 

6.  Sandstone,  concretionary,  calcareous  | 

5.  Shale,  gray  to  black  2 

4.  Coal 1 

3.  Fire  clay 4i 

2.  Sandstone,  gray,  heavily  bedded J^ 

1.  Shale  exposed 2^ 

The  Coal  Measures  continue  prevailingly  argillaceous  to  the 
southwest,  but  the  sections  become  more  obscured  with  talus. 
Near  Bevington,  in  Madison  county,  an  excellent  shale  section 
may  be  seen  and  is  noted  in  the  description  of  the  Coal  Meas- 
ures for  tliat  county. 

The  Coal  Measure  beds  exposed  along  North  liver  are  prev^ail- 
ingly  shales,  but  are  less  accessible  at  the  present  time  than  those 
of  the  Middle  river  district  because  of  lack  of  railway  facilities. 
One  of  the  outcrops  which  is  most  easily  accessible  appears  north 
of  Greenbush,  in  section  30  of  Gre<:nfield  township.  The  beds  ex- 
posed are  as  follows : 

PEBT. 

6.  Loess  and  drift,  variable  in  thickness. 

5.  Shale,  argillaceous,  light i 

4.  Coal,  impure  and   weathered i 

3.  Shale,  compact  above  and  soft  below 30 

2.  Sandstone,    gray i 

1.    Shale,  argillaceous,  blue  exposed 20 

■ 

A  coal  seam  is  said  to  lie  just  below  the  river  bed.  The  entire 
section  can  be  utilized  save  where  the  drift  carries  too  many  pel>- 
bles  and!  bowlders.  Numerous  sections,  less  extensive  than  those 
given  above  appear  along  the  tributaries  of  the  principal  streams, 
or  occur  within  easy  working  distance  of  the  surface  inland,  but 
suflicient  have  baen  given  to  demonstrate  the  bountifulness  of  the 
supply  of  raw  materials  which  have  been  but  sparingly  devel- 
oped.   Small  potteries  in  the  vicinity  of  Carlisle  and  Hartford 
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have  used  the  fire  clays  of  the  neighborhood  for  a  number  of 
years,  but  in  amount  so  small  as  to  ba  scarcely  worthy  of  mention. 

Wayne  County. — Notwithstanding  the  fact  that  the  upper  Coal 
Measures  cover  the  entire  county,  exposures  are  rare  owing  to 
the,  great  thickness  of  Pleistocene  deposits  and  the  absence  of 
large  streams.  Occasional  much  obscured  outcrops  appear  in  the 
vicinity  of  Confidence,  in  the  northeastern  portion  of  the  county. 
Shales  predominate  and  are  usually  accompanied  by  a  thin  coal 
seam.  Near  Seymiour,  thick  seams  of  clay  shales  of  good  qualitj" 
are  known  to  exist,  through  exploratory  work  for  coal.  They 
could  not  be  developed  extensively,  however,  save  through  great 
expense  by  stripping  or  the  adoption  of  mining  methods.  The 
argillaceoute  deposits  are  but  little  known  and  no  attempts  have 
been  made  toward  their  utilization. 

Webster  Coimty.— With  the  exception  of  small  isolated  patches 
of  Saint  Louis  limestone  uncovered  by  the  Des  Moines  river  in 
the  northern  part  of  the  county,  and  two  detached  areas  in  the 
inland  portions  of  the  county,  the  Coal  Measures  are  believed 
to  cover  the  county.  The  Des  Moines  river  has  cut  a 
deep  trench  across  the  county  and  good!  shale  sections  are  con- 
fined to  the  immediate  vicinity  of  the  river  and  a  few  of  it^ 
larger  tributaries.  The  heavy  mantle  of  drift  and  the  prevail- 
ingly steep  slopes  along  the  greater  streamways  have  produced 
heavy  deposits  of  talus  which  have  obscured  greatly  the  under- 
lying Coal  Measure  series.  Notwithstanding  these  drawbacks, 
the  county  possesses  the  compensating  advantages  of  splendid 
location,  thick  shale  beds  of  good  quality  and  fuel  close  at  hand. 
The  shales  have  been  developed  at  a  numbei-  of  points. 

Webster  county  occupies  a  strate^c  position  with  reference 
to  the  great  undrained  area  covered  by  the  AVisconsin  drift.  The 
energies  of  all  of  the  factories  operating  in  the  county  are  largely 
devoted  to  the  manufacture  of  drain  tile.  Their  closest  competi- 
tors are  the  Mason  City  plants.    In  the  vicinity  of  Fort  Dodge  the 
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pit  at  the  Kime  brickyard  gives  some  idea  of  the  extent  and  varia- 
bilitj'  of  the  shales.    The  section  is  as  follows: 


FlO.  08.    TwoofIhsIV>rt  Dodge  biiok  planta.    In  the  toreiroDnd  are  the  worki  ot  the  Tore 
Dodga  Brick  and  Tile  Compuir:  In  the  backsrooDd  the  Fort  Dodge  Clsj-  Works. 

FBBT. 

11.  Drift  and  soil ,  3 

10.  Sbale,  black,  bltumiooua   4 

9.  Coal  li 

8.  Clay 3i 

7.  Coal li 

6.  SandstoDe,  soft „.. „  ..  f 

5.  Fire  clay S 

4.  Shale,  dark  colored,  bituminous,  Gsslle  b«low  ....  .  .ii 

3.  Sbale ,  dark  colored _ 2 

2.  Shale,  light  colored 2* 

I.  Shale,  dark  colored,  exposed 10 

Almost  the  entire  section  below  the  drift  could  be  utilized  in 
the  manufacture  of  a  wide  range  of  clay  wares. 

The  plant  of  the  Fort  Dodge  Brick  and  Tile  Company  is 
located'  on  the  east  bank  of  the  river,  north  of  the  Illinois  Central 
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railway  bridge.    The  pit  shews  signs  of  slides  and  the  various 
layers  are  somewhat  irregular.    The  pit  section  is  as  follows: 

7.  Surface  waali  and  drift 4+ 

6.  Shale,  coaly i 

5.  Shale,  clayey,  yellow  lo  gray,  pyriiic 8 

4.  Sandstooe,  impure I 

3.  Shale,  argillaceous,  gray    2i 

2.  Shale,  dark  gray  to  black,  fissile  ia  the  upper  part...  7 

1.  Sfaate,  argillaceous,  light  blue,  exposed 18 


-,  '^ylr^!!^--      ■  T^^^^^^H 


fiO.  04.    A  portion  of  the  plani  of  the  Fort  Dodge  Stoaewiire  Compao;,  Fori  Dodge,  lours. 

Number  1  carries  occasional  calcareous  concretions,  pyrite  and 
gypsum  erj'stals.  It  is  known  locally  as  the  potter  elay  and  bume 
to  a  light  gray  or  buff.  The  dark  clay  shales  above  the  potter 
clay  bum  red.  The  entire  section,  with  the  exception  of  portions 
of  the  sandstone  and  drift,  can  be  used.  The  various  grades  of 
brick,  drain  tile  and  sidewalk  blocks  are  the  principal  manufac- 
tured products. 
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The  shales  axe  also  being  developed  on  the  west  side  of  the 
river.  The  plant  of  the  Fort  Dodge  Clay  Works  is  located  south 
of  the  Illinois  Central  railway.  The  pit  section  shows  the  follow- 
ing beds: 

FBBT. 

5.     Drift   ^ 5  to  20 

4      Shale,  clayey,  variegated,  siliceous  in  lower  part 6 

3.     Shale,  impure,  coaly i 

2.     Shale,  argillaceous,  light  to  dark  gray 25 

1.     Sandstone 1 

Numbers  2  and  4  are  the  principal  members  worked.  A  Rad- 
ford ** Monarch"  continuous  kiln  is  used  for  fuming  the  struc- 
tural brick.  It  contains  sixteen  chambers  and  one  chamlber  is 
burnt  per  day.  The  products  are  about  the  same  as  in  the  pre- 
ceding. The  company  has  opened  a  new  pit  recently  farther  up 
the  Lizard  and  have  secured  a  better  shale  section  with  less  strip- 
pdng. 

Several  other  pits  in  aind  about  Fort  Dodge  show  sections  of 
from  thirty  to  fifty  feet  of  shales  suitable  for  the  manufacture  of 
the  various  grades  of  clay  products^  including  paving  brick.  The 
overlying  drift  is  of  variable  thickness  and  because  of  its  large 
lime  content  niust  be  carefully  removed  to  insure  high  grade 
ware.  The  Bradshaw  Brick  Oomipany  has  been  in  successful 
operation  for  a  number  of  years.  The  product  includies  drain 
tile,  building  block,  common  builders,  pavers  and  sidewalk  block. 

A  potter's  clay  is  obtained  under  one  of  the  coal  seams  of  the 
neighborhood  from  a  small  mine  about  one-half  mile  north  of  the 
city,  on  the  west  bank  of  the  river.  This  clay  has  been  used  by 
the  Fort  Dodge  Pottery  Company  and  yields  a  good  grade  of 
stoneware.    Analyses  of  the  clay  were  made  and  are  given  be-low 


»2 


Pun  ZZ7I1I.     Pit  of  tht  Lehigh  Brick  uid  Tile  CompUf,  Lefaigk.  Iowa. 
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ITBST  gSCOND 

QUALTTT.  QUALITT. 

Silica 66.00  63.83 

Alumina 19.32  17.55 

Combined  water 

Clay  and  sand 85.32  81.38 

Iron  oxide 0  80  2. 75 

Lime 2.85  2.94 

Magnesia 0.54  0.57- 

Potash >. 1.15  0.67 

Soda 2.49  0.79 

Total  fluxes 6.83  7. 72 

Moisture  and  undetermined  6.84  8.54 

Carbon  dioxide 2.36 

Insoluble  in  sulfuric  acid  and  sodium 

carbonate 58.55  68.69 

The  first  quiality  day  compares  favorably  with  the  clay  used  at 
Zanesville,  Ohio,  and  other  days  equally  well  known. 

South  of  Fort  Dodge  the  Coal  Measure  shales  outcrop  at  num- 
erous points  and  have  been-  quite  extensively  developed  near 
Coalville  and  Lehigh.  Northwest  of  Coalville,  west  of  the  Des 
Moines,  Johnson  Brothers  are  operating  a  plant  located  on  the 
Minneapolis  and  Saint  Louis  railway.  Their  pit  shows  the  fol- 
lowing section: 

PBBT. 

6.  Alluvium  on  the  70  ft.  terrace.  Mainly  fine  sand, 
silt  and  clay;  few  pebbles  present..  Imperfectly 
stratified;  varies  up  to 4 

5.     Drift,  bowldery,  blue-gray  to  yellowish  along  the 

seams,  varies  from 1  to        2 

4 .  Drift  residuum ,  composed  chiefly  of  limonite  concre- 
tions, rotten  granite  bowlders,  greenstone  and 
limestone  pebbles.  The  pebbles  rarely  exceed 
3  inches  for  greatest  diameter  The  upper  por- 
tion is  a  peaty  brown  of  putty-like  consistency. 
The  layer  bears  evidence  of  age  and  varies  from 
1  to U 

3.  Shale,  variegated,  sandy,  "Calico  rock",  body 
color  bluish- gray,  cracks  and  seams  stained 
red,  often  a  bright  red 7 

2.     Sandstone,    yellowish -gray,     forms    an   indurated 

ledge  up  to ^ li 

1.     Shale,  bluish-gray,  the  principal  bed  in  the  pit, 

light  bands  appear  occasionally;  exposed 12 
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A  seam  of  camiel  coal  lies  about  five  feet  below  the  base  of  the 
section  and  is  mined  and  used'  to  bum  the  ware  and  furnish  heat 
and  power.  Hollow  ware  is  the  chief  manufactured  prodtaot  at 
present  A  chemical  analysis  was  made  of  number  3  with  the 
following  results : 

Silica 70.2 


Clay  and  und _ 

90.60 

Iron  oxide 

4  OO 

Total  flnxea _ 

8,05 

-.-    0  S3 

0.82 

Snllnr  trioride  ....„ 

Flo.  66.    Plaot  of  the  Kalo  Brick  and  Tile  Gompanj,  Ealo.  lova. 

'With  the  esoeptioD.  of  the  drift  and  hard  ledges,  the  entire  sec- 
tion is  uitilized.  The  pit  is  above  the  plant  and  the  clay  is  trans- 
ferred from  pit  to  dry  pan  largely  by  gravity. 
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The  plant  of  the  Kalo  Brick  and!  Tile  Company,  owned  and 
operated  by  Schnurr  Brothers,  is  located  almiost  directly  west  of 
Coalville,  also  west  of  the  Des  Moines  river.  The  shales  devel- 
oped here  are  a  little  higher  in  the  Coal  Measures  series  and  are 
rather  more  variable.    The  section  is  as  follows: 

FBBT. 

8.  Drift  and  wash  about  the  level  of  the  *' 70-foot*'  terrace      5 
7.  Shale,  bluish-gray  to    yellowish-gray  above,  jointed 

below 8 

6.  Coal  blossom,  brown  to  black  and  earthy   

5.  Shale,  sandy,  weathers  out  soft  and  is  of  an  ash  color, 

contains  plant  impressions  ..  8 

4.  Sandstone,  argillaceous,  projecting  ledge  in  places, 

lower  portion  often  variegated  light  and  dark  bands      2 

3.  Coal i 

2.  Sandstone,  argillaceous,  when  weathered  forms  a  hard 

ledge;  contains  leaf  impressions 1 

1.  Shale,  blue-black,  pyritic  above  and  gypseous  below; 

pyrite  aggregates  vary  from  one-half  inch  up  to 

three  inches,  flattened  clay-ironstone  concretions 

up  to  eight  inches  are  also  present 4 

A  small  fault  crosses  the  face  of  the  pit.  The  strike  is  north- 
east-southwest and  the  hade  is  about  50°.  The  hanging  wall  is 
to  the  northwest,  the  throw  being  about  two  feet.  Here  as  at  the 
John;son  plant,  hollow  ware  is  the  chief  manufactured  product. 
With  the  exception  of  the  hard  ledges,  the  entire  section  is  used 
with  satisfactory  resulta  A  branch  of  the  Minneapolis  and 
Saint  Louis  railway  gives  an  outlet  and  nearly  the  entire  output 
is  shipped. 

Lehigh  rivals  Fort  Dodge  as  the  most  important  clay  working 
center  in  the  county.  Four  factories  are  doing  business  on  a 
large  scale  and  all  are  using  very  similar  raw  materials.  In  addi- 
tion to  the  clay  used  locally,  a  considerable  amount  of  raw  clay 
is  supplied  the  plants  at  Fonda  and  Webster  City. 

The  works  of  the  Lehigh  Brick  and  Tile  Company  are  located 
on  a  stub  of  the  Crooked  Creek  railway.  The  beds  exposed  in 
the  pit  are  as  follows : 
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Shsl«,  clayey,  blue. 

Shale,  variegated _ 

Sandstone,  friable 

Shale,  arKillaceotis,  red  and  yellow.- 
Shate,  dark,  nnctuons,  exposed 


With  the  exceptions  of  poirtions  of  the  sandstone  ledges  and 
the  drift,  the  entire  sequence  is  used. 

An  average  sample  from  the  pit  of  the  Lehigh  Clay  Works 
was  analyzed  and  gives  some  idea  of  the  variation  in  the  com- 
position of  the  shales  of  the  district.    The  analysis  is  as  follows : 


Fio.  n.    Bo;dfotU'Dold.dr7|)r«>iiiaohlne;Core7Preeied  Brick  and  dwlCatnpanr.  Lehigh,  lows. 

Silica - - 53.08 

Alumina _ _ _ _    17.71 

Combined  water ^ - 9.30 

Clay  and  sand 80,09 
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Iron  oxide 8.64 

Lime 4.05 

Magnesia 0.94 

Potash 1.25 

Soda 3.70 


Total  fluxes 18.58 

Insoluble  in  sulfuric  acid  and  sodium  carbonate.^ 71  55 

The  Corey  Pressed  Brick  Company  is  situated  on  the  north 
side  of  Crooked!  creek,  a  short  distance  northeast  of  the  Lehigh 
Brick  and  Tile  Company  and  is  one  of  the  pioneers  in  the  dis- 
trict The  diry  press  process  only  is  used  and  face  and  fancy 
brick  and  special  shapes  are  manufactured  with  excellent  suc^ 
cess.  Two  seams  of  day  are  being  developed,  the  upper  seam, 
occurring  above  the  upper  coal  vein  and  averaging  about  4  feet 
in  thickness,  bums  buff ;  and  the  lower  seam,  some  15  feet  below 
and  averaging  15  feet  in  thickness,  bums  a  deep  red.  Both  seams 
can  be  developed  economically  only  by  mining.  Analyses  of 
these  clays  were  made  and  the  results  are  given  below : 

Red  Baming.  Baff  Barnlog. 

Silica 58.05  58.68 

Alumina ^ 23.05  23.89 

Combined  water. ™ 8.10     *  6.13 

Clay  and  sand 89. 17 


Iron  oxide. 

Lime 

Magnesia ... 

Potash 

Soda 


Total  fluxes 

Moisture 

Sulfur  trioxide .. 
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Clay  substance 68.20 

Feldspar 

Quartz 

Calcium  sulfate 


89.17 

88.70 

3.83 

3.83 

0.30 

0.96 

2.04 

1.70 

0.90 

0.84 

2.04 

2.19 

9.11 

9.52 

0.96 

0.79 

0.86 

1.16 

68.20 

54.62 

5.99 

11.18 

25.81 

23.23 

1.97 

100.00  100.00 


PI.ATI  ZXZiI.     Pit  of  th«  Cuopbell  Brick  aud  Tll«  Compuif ,  Lshlgh,  lowk. 
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tory  is  in  operation,  the  Lake  City  Clay  Works.  The  pit  is  lo- 
cated on  Lake  creek,  a  tributary  of  the  Raccoon  river,  about  a 
mile  northwest  of  the  town.    The  pit  section  is  as  follows : 

FBBT. 

5.  Drift  and  wash ,  the  upper  portion  of  which  contains 

much  gravel  in  places 10 

4.  Shale  somewhat     fissile,   grayish-blue  to  dark  blue; 

when  dry,  a  light  gray... 4 

3.  Sandstone,  friable,  in  three  ledges  of  about  equal  thick- 
ness, indurated  in  places;  the  lower  ledge  highly 
ferruginous  and  often  contains  concretions;  the 
middle  layer  nnindurated  and  white,  top  layer 
stained  a  very  light  yellow 2 

2.  Shale,  clayey,  massive,  variable  tezturally  and  structu- 
rally        7 

1.  Sandstone,  concretionary,  much  iron-stained,  exposed      5 

A  short  distance  north  of  the  pit  the  sand&tone  members  be- 
come very  prominent  and  constitute  the  major  portion  of  the 
section.  Near  the  base  of  the  section  a  red  stratum]  appears  and 
is  associated  with  an.  almost  pure  white  putty  clay.  The  sand- 
stone shows  various  stages  of  induration,  and  day  balls  and 
lenses  occur  throughout  the  entire  mass.  A  light  shale  comes  in 
above  this  sandstone.    Good  shale  sections  are  reported  to  occur 

• 

along  the  Raccoon  river  three  or  four  miles  to  the  southwest. 
The  same  shale  also  occurs  near  Grant  City,  in  Sac  county.  An 
analysis  of  the  principal  shale  bed  was  made  with  the  following 
results : 

Silica 74.83 

Alumina 12.20 

Combined  water 5. IS 


Clay  and  sand 92.18 

Iron  oxide 1.24 

Lime - 2.22 

Mas:nesia 1.08 

Potash 32 

Soda  1 .08 


Total  fluxes 5.94 

Moisture,  carbon  dioxide  and  sulfur  trioxide 2.58 
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RATIONAL  ANALYSIS. 

Clay  substance - 42.00 

Feldspar 8.44 

Quartz 46.16 

Calcium  sulfate 3  40 

100.00 

A  casual  inspection  of  the  analysis  will  show  that  the  clay  is 
highly  siliceous,  comparatively  low  in  alumina  and  low  in  the 
fluxing  constituents.  It  is  also  low  in  iron  and  bums  a  light  color, 
and  shrinks  but  little  during  the  process  of  drying  and  burning. 

■ 

Where  it  has  been  used  the  practice  has  been  to  mix  with  it  the 
surface  wash  and  alluvial  material  which  run  much  higher  in 
iron  and  give  a  good  color.  Clay  shales  have  not  been  utilized  at 
any  other*  point  in  the  county. 

Montgomery  Con^nty.— The  Cretaceous  deposits  represented  in 
the  county  are  usually  arenaceous  and  have  been  referred  tenta- 
tively  to  the  Dakota  stage.  Although  sandstones  prevail  near 
the  top  of  the  series  in  certain  places  certain  argillaceous  depos- 
its are  of  importance.  The  clay  beds  are  somewhat  irregularly 
distributed'  and  are  not  persistent  The  miost  important  days  of 
this  age  known,  in  the  county  are  found  near  Red  Oak.  The  beds 
have  been  developed  for  a  number  of  years  by  the  Red  Oak  Pot- 
tery Company. 

The  pit  section  is  as  follows : 

FBET.      INCHES. 

11.  Loess,  impure  in  lower  portion 6             6 

10.  Sandstone,  light  yellow,  soft 3 

9.  Shale,  light  gray,  used  for  pottery 11 

8.  Sandstone,  white  to  yellow 1             6 

7.  Shale,  light  gray,  for  pottery 2 

6.  Shale,  gray,  siliceous;  for  fire  brick 1             1 

5.  Shale,  dark  to  light  gray;  for  pottery 1             6 

4.  Shale,  gray,  siliceous;  for  fire  brick 2 

3.  Shale,  light  to  dark  gray;  for  pottery 2             2 

2.  Shale,   grayish;  for  fire  brick 6 

1.  Shale,  siliceous,  gray,  impure,  exposed 6 
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The  principal  shale  in  the  pit  attains  a  thickness  in  some  places 
of  15  feet  and  apparently  rests  unconfonnably  upon  a  very 
silioeonis  shale.  Near  the  east  end  of  the  pit  it  is  replaced  by 
friable  sandstone.  Loess  covers  the  entire  section.  A  sample  of 
the  purest  clay  was  analyzed  and  the  results  ai'e  given  herewith : 

Silica 69.75 

Alumina 18.68 

Combined  water 3  85 


Clay  and  sand 92.28 

Iron  oxide 1.94 

Lime 1.07 

Magnesia 95 

Potash 2.32 

Soda 64 


Total  fluxes ^ 6.92 

Moisture 1.33 

White  stoneware  is  noanufactured  from  the  best  grades  and 
a  few  fire  brick  have  been  made  which  give  fair  satisfaction.  It 
is  believed  that  certain  layers  if  freed  from  impurities  by  wash- 
ing could  be  made  into  a  superior  quality  of  glass  pots  and  cruci- 
bles. At  this  time  the  Cretaceous  clays  have  not  been  developed 
at  any  other  point  in  the  county. 

Plymouth  County.— The  shale  clays  in  Plymouth  county  are  not 
very  accessible  at  the  present  timie  for  open  pit  work.  They  are 
present  in  considerable  quantity  and  of  good  quality  within  easy 
mining  distance.  A  representative  section  may  be  viewed  near 
the  site  of  the  old  Grill  mill  on  section  32,  in  Sioux  township. 
The  beds  of  indurated  rocks  visible  at  this  point  are  as  follows : 

FBBT. 

6.  Limestone,  thin,  leafy  texture,  fossiliferous 90 

5.  Shale,  buff,  sandy,  with  layers  of  sandstone  and  fer- 
ruginous concretions 30 

4.     Shale,  dark  blue  to  drab ,  fine-grained,  argillaceous  10 
3.     Sandstone,  fine-gprained ,   calcareous,  light  buff  to 

white ■  15 

2.     Lignite : U 

1.     Fire   clay,   white  to  light  gray,  only  slightly  ex- 
posed, found  in  digging 6 
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The  fire  clay  contains  very  little  grit,  is  quite  plastic  and 
apparently  would  be  easily  worked.  The  sandstone  above  the 
lignite  seam  would  afford  a  good  roof  and  the  bed  would  yield 
readily  to  mining  operations.  An  analysis  of  the  fire  clay  was 
made  with  the  following  results : 

Silica 67.42 

Alumina    19.43 

Combined  water S.S9 

Clay  and  sand 92.94 

Iron  oxide 2.39 

Lime „ 0.55 

Magnesia 0. 25 

Potash 0.25 

Soda 0.58 

Total  flaxes 4.47 

Moisture „ 2.98 

The  fire  day  compares  favorably  in  composition  with  some  of 
the  standard  fire  clays  of  the  country.  Numbers  4  and  5  in  the 
section  would  also  be  available  and  could  be  used  separately  or 
by  blending  with  number  1,  and  the  possibilities  of  manufacture 
be  increased  greatly.  Also  the  surface  clays  could  be  brought 
into  service.  At  present  no  serious  attempt  has  been  made  to 
dlevelop  the  shales,  although  similar  b^s  are  used  extensively  at 
Sioujc  City  and  Sargents  Bluff. 

Pottawattamie  County.— Shales  and  sandstone  of  Cretaceous 
age  are  known  to  cover  portions  of  Pottawattamie  county.  The 
arenaceous  beds  predominate  in  the  outcrops  known.  Along  the 
western  line  of  the  northeast  quarter  of  section  36,  in  Wright 
township,  there  is  a  long  escarpment  of  sandstone  rumning  nearly 
due  north  and  south  for  more  than  a  quarter  of  a  male,  facing 
the  river  and  forming  its  western  bluff.  South  of  the  escarp- 
ment, near  the  nortli  line  of  section  1,  in  Waveland  township,  the 
sandstone  exposed  in  the  river  rises  only  a  few  feet  above  the 
water.    On  top  of  the  sandstone  rests  forty  feet  of  light  gray  clay 

83 
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or  shale  in  which  there  are  occasional  stains  of  fine  sand.  The 
shale  is  variable  in  color,  ranging  from  light  to  dark,  and  weathers 
j-eliow.  In  addition  to  the  sand  layers,  it  contains  occasional  car- 
bonaceous seams  and  eonereticins  of  siderite.  The  clay  is  known 
to  outcrop  at  other  wints  and  is  believed  to  be  suitable  for  all  of 
the  grades  of  common  brick  and  hollow  ware.  No  attempts  have 
been  made  to  develop  it  eomniercially. 

Sa£  County. — The  clay  shales  exposed  along  the  Kaeeoon  river 
and  Lake  creek  in  Calhoun  county  continue  into  Sac  county  and 


no.  ag.     Clay  ah 


(,  Wright  toviuhlp,  Potta- 


appear  in  the  bluffs  near  Grant  City.  They  appear  to  be  of  ex- 
cellent quality,  but  little  has  hcen  done  toward  their  utilizatiMi 
commercially. 

Sioux  CowH^i/.— Shales  presumably  belonging  to  the  Benton 
stage  of  the  Cretaceous  appear  in  tlie  railway  out  about  four 
miles  south  of  Hawarden.    The  section  is  given  below. 
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Sbale,  drab  to  blue,  BtKiHaceous  !□  part,  contaioiDs 
numerous  cryatala  of  gypsum 25 

Limestone,  fosiiiliferotis,  thinly  bedded,  with  chalky 
layers 20 


Formerly  tlie  shales  were  used  in  the  manufacture  of  brick 
and  common  hollow  ware  with  somewhat  indifferent  results. 
The  plant  burnt  down  some  years  ago  and  haa  not  been  rebuilt 
So  far  as  known  the  shales  do  not  present  any  other  outcrops 
readily  accessible  in  the  countj',  although  they  are  undk>ubtedly 
within  easy  mining  range  over  a  considerable  area. 

Woodbury  Cownty.— Shale  beds  referable  to  the  Cretaceous 
are  abundantly  exposed  in  the  western  portion  of  the  county, 
especially  in  the  vicinity  of  Sargents  Bluff  and  Sioux  City.  At 
both  points  they  have  been  developed  extensively  in  the  manu- 
facture of  clay  goods.  In  general  the  shales  are  highly  siliceous, 
and  comparatively  low  in  clay  substance  and  the  fluxes.  As  a 
consequence  they  are  not  so  well  adapted  to  the  manufacture  of 
hollow  ware  as  the  shales  of  the  Coal  Measures  and  Devonian. 
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They  are  especially  adapted  to  the  manufactiire  of  shapes  be- 
cause of  tlieir  low  shrinkage  and  would  give  good  results  when 
treated  by  the  dry  press  process.  At  present  the  stiff  mud  process 
only  is  used. 

At  Sargents  Bluff,  about  seven  miles  b?low  Sioux  City,  one 
of  the  standard  sections  of  the  county  may  be  viewed.  The 
sequence  of  beds  is  as  follows: 


r. 

1  ■ 

r^4 

Pit  of  Holmmn  and  Brather  Brlok  Plwit,  SwKanta  BIoll.  lowm. 


5.    Loess,  thickenlDg;  back  from  tbe  riv«r  And   formlDS 

bold  bluffs,  100  to  150  f«i  high -....    40 

4.     SaDdstone,  tiae-gralned,  light  buS  to  white  abov«, 

coane,  orango-veUow  below 25 

3.     Lignite,    more  or  less  earthy,    usually  of  a  dark 

purplish  hue 1^ 

2.  Shale,  variegated,  brilliant  orange  to  dark  ol[ve 
greeo,  with  intentratified  beds  of  line  white 
sand  and  thin  bands  of  ferruglDons  concretloDS 
containing  plant  remains 18 

1.  Shale,  sandy,  reddish,  becoming  drab  to  orange 
below,  and  contalniDg  large  ferruginous  sandy 
masses  with  plant  remains 25 
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The  shale  members  have  been  developed  on  a  lai^  scale  for 
a  number  of  years.  At  present  two  plants  are  in  operation,  C. 
J.  Holman  and  Brother,  and  C.  W.  Ritz.  The  fonner  yard  is 
the  pioneer  in  the  district.  The  Holman  pit  shows  the  follow- 
ing details. 


1              I                • 

iJiFl 

■  -       / 

it  i  '^  l      «■  ,.  -  - , 

iMrlorTtewofmBchlnerjbiilldlnf,  Holman  ftnd  Brother  Brisk  Plant,  BBrgenti 
Bind,  Iowa 


7.  I/O0U  of  variable  tblcknesa  up  to 40 

6.  Sandstone,  unevenly  Indurated  (exposed) 10 

S.  Shale,  lisnitlc  to  argllUceoas H 

4.  Shale,  arslllaCBaui  to  landy.. 5 

3.  Sbale,  unctuous,  dark  to  light  gray  In  color. 8 

2.  Shale,  light  colored,  somewhat   arenaceoas 6 

1.  Shale,  buff  to  yellow  and  gray _ 16 

All  of  the  beds  are  usable  save  the  sandstone  and  lignite  seam. 
The  loess,  however,  is  not  generally  used,  although  it  would 
undoubtedly  make  a  good  quality  of  builders  either  alone  or 
blended  with  the  clay  shales.  The  sandstone  is  usually  quite  fri- 
able and  breaks  down  easily  when  exjwsed  to  the  weather.     It 


518  THE   GEOLOGY    OP   CLAYS. 

furnishes  an  abundant  supply  of  clean  sand  for  sanding  the  ware 
in  the  kilns.  Analyses  were  made  of  the  principal  shale  seam 
and  of  a  seam  of  fire  clay.    The  results  are  given  below : 

Silica 71.63  75.85 

Alumina 14.17         10.73 

Combined  water 5.16  6.38 

Clay  and  sand 90.96         92.96 

Iron  oxide 2.39  1.43 

Lime 2.15  1.00 

Magnesia 86  .49 

Potash 50  .24 

Soda 1. 15  .70 

Total  fluxes 7.05  3.86 

Moisture,  sulfur  trioxide  and  carbon  dioxide..    2.30  3.18 

RATIONAL  ANALYSES. 

Clay  substance 49.69         41.28 

Feldspar 3.13  6.55 

Quartz 47. 18         52. 17 

Total.. ^ 100.00       100.00 

Both  clays  are  highly  siliceous  and  comparatively  low  in 
fluxes.  In  fact  the  entire  assemblage  of  beds  are  somewhat  are- 
naceouis  and!  work  *  *  short. ' '  The  ware,  when  properly  .burnt,  is 
strong  and  resists  the  weather  well.  Common  and  face  brick, 
paving  brick  and  sidewalk  brick  and  block  are  the  chief  manu- 
factured products.  The  sidewalk  block  and  brick  have  gained 
great  favor  and  the  demand  is  growing  rapidly. 

The  ware  shrinks  but  little  in  drying  and  burning.  The  Hol- 
man  type  of  kiln  is  used  and  the  brick  are  successfully  burnt 
when  set  48  brick  high. 

The  Bitz  pit  presents  some  local  variations  but  the  beds 
worked  belong  to  essentially  the  same  horizons  as  those  just  de- 
scrilDcd. 

At  North  Riverside,  a  suburb  of  Sioux  City,  the  Cretaceous 
shales  are  being  developed  extensively.    Two  up-to-date  plants 
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are  in  operation,  the  Sioux  Paving  Brick  Company,  successors 
to  the  old  Sioux  Paving  Brick  Company  and  the  Lower  Brick 
Company,  and  the  Sioux  City  Brick  and  Tile  Works.  The  beds 
developed  at  the  various  plants  in  this  vicinity  are  not  very 
different  and  are  essentially  stratigraphic  equivalents.  The  pit 
of  the  Sioux  Paving  Brick  Company  is  perhaps  the  most  exten- 
sive and  shows  thef  greatest  diversity.  The  details  are  given 
below: 

FBBT. 

13.     Loess,  up  to 10 

12.     Shale,  very  arenaceous,  with  gypsum  in  veins 14 

11.     Shale,  light  to  drab-gray,  in  part  sandy,  wirh  gyp- 
seous seams ~ IS 

10.     Shale,  with  impure  limestone  in  irregular  bowlder- 
like masses 3 

9.     Shale  and  sand,  ferruginous,  in  alternating  layers....  4 

8.     Shale,  gfray,  non- siliceous 10 

7.     Shale,  grayish  to  drab,  with  four-inch  rock  ledges 

about  the  middle 6 

6.  Sandstone,  calcareous,  in  part  shaly 4 

5.  Shale,  gray,  fissile 2i 

4.  Shale,  gray,  very  finely  siliceous,  with  ferruginous 

masses  near  middle,  also  in  upper  part Si 

2.  Sandstone,  light  colored 7 

1.  Shale 1 

Nearly  all  of  the  beds  are  used  save  the  hard  ledges  and 
strongly  calcareous  bands.  For  ordinary  builders  the  loess  can 
be  used  freely.  Some  attempts  have  been  made  to  manufacture 
vitrified  brick,  but  with  rather  indifferent  success. 

About  one-half  mile  south  is  the  pit  of  the  old  Northwestern 
Sewer  Pipe  and  Tile  Company.  The  pit  shows  some  variations 
and  is  given  below: 

FBRT. 

7.  Shale,  gray  to  white,  siliceous IS 

6.  Lignite,  impure 1 

5.  Sandstone,  marly,  white 2i 

4.     Shale,  gray  to   white,   with  ferruginous  colorings; 

also  layers  of  siliceous  bowlders 12 

3.  Shale,  drab  to  white,  arenaceous 2 

2.  Sandstone,  white  to  red 7 

1.     Shale,  gray;  sandy,  especially  below;  exposed  7 
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Formerly;  sewer  pipe  was  manufaotured,  but  no  pipe  has  been 
nmde  for  some  years. 

The  manulfactured  products  comprise  common  building  brick, 
paving  brick  and  fire  brick  and  sidewalk  brick.  The  shale 
blended  appears  to  be  especially  adapted  to  the  manufacture  of 
first-class  sidewalk  brick.  The  process  of  manufacture  consists 
of  running  the  ware  stiff  mud  and  then  passing  the  end  cut 
brick  through  a  repress  in  which  they,  are  shaped  and  a  pattern 
stannped  uppn  them. 

The  Sioux  City  Brick  and  Tile  Company  has  recently  installed 
a  modem  plant  between  the  above  mentioned  plants  and  are 
doing  business  on  a  large  scale.  Their  pit  is  shown  in  the 
accompanying  cut.  In  addition  to  common  builders  and  face 
brick,  a  large  number  of  tile  and  building  block  are  produced 
annually.  Most  of  the  wiare  is  burnt  in  a  Ilaigh  continuous  kiln, 
which  gives  eminent  satisfaction.  Here,  as  at  Sargents  Bluff, 
the  shales  are  highly  siliceous  and  but  little  loss  is  experienced 
in  diying  and  burning.  Higher  temperatures  are  required  to 
secure  a  good  bum-  than  for  any  other  series  of  shales  in  the 
state. 

Some  of  the  shale  and  clay  seams  are  highly  plastic,  fairly 
free  from  impurities,  yield  readily  to  the  potter's  art  and  bum 
a  satisfactory  color.  Potteries  have  been  in  operation  from  time 
to  time  both  at  Sioux  City  and  Sargents  Bluff  but  none  are  in 
business  at  present. 

Shale  crops  continue  northward  along  the  Big  Sioux  but  be- 
come more  and  more  intimiately  associated  witli  calcareous  and 
arenaceous  beds  so  that  their  extensive  development  would  only 
be  possible  by  drifting  or  shafting.  Nothing  has  been  done 
toward  their  utilization  in  the  manufacture  of  clay  goods  at  any 
other  point  in  tlie  county. 


tS.     Top  new  or  Bmigh  ojnUnuoiu  kiln  shoirlaBarrmnBeiDeat  otflrebolei  Bad  opcD  court. 
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The  Pleistocene 


With  the  exception  of  a  small  area  in  the  northeast  comer  of 
the  state  the  older  rooksi  are  covered  by  a  thick  mantle  of  glacial 
debris  which  varies  from  total  absence  up  to  two  and  even  three 
or  four  hundred  feet  in  tliickness.  Only  the  larger  streams  and 
their  immolate  tributaries  have  cut  through  the  drift.  The 
dletailed  features  of  the  landscape  are  moulded  in  it  Only  the 
larger  features  are  in  any  way  the  result  of  the  older  rocks.  The 
drift  is  composed  of  a  most  heterogeneous  series'  of  materials 
comprising  bowlder  beds-,  gravel  trains  and  the  more  or  less 
ifforted  over-wash.  Intimatelv  as®ociated  vnth  the  drift  sheets 
are  the  massive  structureless  deposits  of  loess.  The  loess  is 
composed  of  fairly  well  sorted  finer  sands,  silts  and  days.  It 
(^vers  about  two-thirds  of  the  superficial  area  of  the  state  and 
affords  an  inexhaustible  supply  of  raw  material  ready  p<repared 
for  the  clay  worker.  It  varies  from  a  thin  veneer  to  deposits 
many  feet  in  thickness.  Of  the  drift  sheets  themselves  but  little 
has  been  done  toward  their  utilization  in  tlie  clay  working  indus- 
tries. The  greater  portion  of  the  various  drift  sheets  contains 
numerous  pebbles  and^  bowlders,  many  of  which  are  calcareous  in 
character  and  make  the  use  of  drift  expensive  or  impossible  to  the 
brick-maker.  In  addition  to  the  pebbles;  and  bowldlers,  the  unal- 
tered drift  contains  a  high  percentage  of  lime,  both  in  the  form 
of  concretions  and  in  the  widely  disseminated  form  throughout 
their  entire  mass.  Lime  concretions  must  be  eliminated  or  finely 
pulverized  in  order  that  the  clay  may  be  used  safely.  Many  of 
the  drift  clays,  even  when  fairly  free  from  the  dseleterious  im- 
purities mientioned,  still  fail  to  give  satisfaction  on  axjoount  of 
excessive  slirinkage  and  consequent  great  loss  due  to  checking 
in  drying  and  burning.  However,  several  of  the  drift  sheets 
present  deposits  which  have  been  slummed  or  washed  naturally 
through  the  processes  of  weathering,  transportation  and  sedimen- 
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tation  and  have  been  partially  prepared  for  the  brick  maker. 
Such  deposits  ooouir  about  some  of  the  present  or  recent  lake 
beds,  along  ravines  and  draws  and  on  second  bottom  land,  merg- 
ing insensibly  into  alluvial  deposits,  and  are  used  to  a  limited 
extent  and  give  fairly  satisfactory  results. 

In  Iowa  five  drift  sheets  are  recognizable  and  will  be  discussed 
in  the  order  of  their  age.  All  save  one  are  shown  on  the  accom- 
panying map. 

PRE-KANSAN  OR  ALBERTAN. 

The  glacial  deposits  supiposed  to  be  the  equivalent  of  the  Al- 
bertan  of  the  Canadian  geologists,  have  been  observed  at  a  num- 
ber of  points  in  the  state.  The  best  known  sections  may  be 
viewed  at  Afton  Junction  in  Union  county,  at  Albion  mills  in 
Marshall  county  and  in  the  cut  along  the  Great  Western  railway 
near  Oelwein  in  Fayette  county.  The  Albertan  is  not  known  to 
appear  at  the  surface,  save  in  natural  or  artificial  cuts,  and  is  of 
no  practical  importance  to  the  clay  worker.  It  has  been  observed 
at  numerous  other  |X)ints  and  is  usually  separated  from  the  over- 
lying drift  sheet  by  peat  beds,  forest  remains,  old  soils  and  gravel 
beds. 

THE  KANSAN. 

The  ice  invasion  which  produced  the  Kansan  drift  marks  the 
extreme  ice  advance  for  the  Mississippi  Valley.  It  is  the  only 
glacial  sheet  which  was  known  to  cross  the  Missouri  river  into 
Kansas  and  hence  the  name.  It  is  not  only  the  most  extensive 
areaJly  in  Iowa  but  also  averages  the  thickest.  A  glance  at  the 
miap  will'show  that  it  extended  over  pra-ctically  the  whole  of  the 
state  and  is  at  present  the  superficial  drift  sheet  of  more  than 
half!  of  the  state.  It  ranges  inj  thickness  from  zero  to  more  than 
103  feet  In  places  it  is  believed  to  reach  a  maximum  thickness 
of  nearly  300  feet  and  averages  nearly  100  feet  for  the  entire 
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state.  The  upper  portion  of  the  Kansan  is  more  or  less  com- 
pletely oxidized  to  a  red-brown  or  yellow-brown  and  is  thoroughly 
leached  of  its  lime  in  the  widely  disseminated  form  and  as  con- 
cretions. It  may  still  contain  some  lime  pebbles  and  bowlders. 
The  thickness  of  the  oxidized  portion  varies  from-  a  few  feet  to  20 
or  30  feet  and  when  fairly  free  from  gravel  and  bowlders  can  be 
used  for  the  manufacture  of  common  brick  and  tile.  Some 
attempts  have  been  made  to  utilize  the  unoxidized  Kansan  drift, 
with  unsatisfactory  results.  Topographically,  the  Kansan  dlrift 
area  is  characterized  by  being  much  stream  dissected.  The  drain- 
age lines  are  mature,  and  generally  the  small  tributaries  have 
almost  perfectly  drained  the  divides.  No  ponds  or  lakes  are  to 
be  found  away  f romi  the  inHnediate  vicinity  of  the  larger  streams. 
The  landi  comprised  in  this  area  is  considerably  broken. 

THE  ILLINOIAN. 

The  drift  produced  by  the  lUinoian  ice  invasion  is  limited  to 
a  comparatively  small  area  and  constitutes  considerable  portions 
of  Scott,  Muscatine,  Louisa,  Des  Moines  and  Lee  counties.  The 
drift  materials  are  not  very  different  from  those  which  constitute 
the  Kansan  and  possess  the  sam/gi  advantages  andl  the  same  disad- 
vantages when  viewed  from  the  standpoint  of  the  clay  worker. 
They  have  not  been  developed  to  any  extent  in  Iowa,  yet  the  oxi- 
dized, leached  portion  could  undoubtedly  be  successfully  used  in 
the  manufacture  of  the  comimJon  clay  wares. 

THE  lOWAN. 

The  lowan  dlrift  occupies  about  10,000  square  miles  of  the 
northeast  quarter  of  the  state.  It  is  bounded  on  the  west  by  the 
Altamont  moraine,  whicb  passes  in  a  southerly  direction  through 
the  western  portions  of  Worth,  Cerro  Gordo  and  Franklin  coun- 
ties, east  of  the  middle  of  Hardin  county,  and  on  the  south  by  a 
series  of  finger-like  loops,  the  various  fingers   extending   into 
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Poweshiek,  Johnson,  Cedar,  Soott  and  Clinton  counties.  The 
eastem  boundaries  are  also  irregular,  lobes  extending  into  Jonee, 
Dubuque  and!  Clayton  oounties,  a  more  or  less  even  line  across 
the  northwest  comer  of  Fayette,  southwest  oomer  of  Winneshiek, 
cutting  the  northeast  comer  of  Bx>ward  county  to  the  state  line. 
The  lowan*  drift  is  characterized  by  large  numbera  of  red  and 
gray  granite  bowlders,  many  of  whicth  are  of  gigantic  size.  The 
finer  materials  rarely  exceed  10  or  15  feet  in  thickness  and  when 
unweathered  contain  a  considerable  amount  of  lime.  The  weath- 
ered portion  of  the  lowan  and  the  wash  fromi  the  lowan  is  often 
sufficiently  free  from  lime  to  be  serviceable  in  the  clay  indua- 
tries.  It  has  not  been  developed  to  any  extent  along  those  lines. 
Topographically,  the  Iowa  drift  surface  is  but  slightly  broken  and 
presents  an  even,  monotonous  plain  known  as  the  **  lowan  drift 
plain. "         . 

DeloAvare  County. —The:  lowan  drift  covers  the  major  portion 
of  the  county  and  in  places  is  sufficiently  free  from'  lime  and  other 
impurities  to  be  used  in  the  manufacture  of  comimon  brick  and 
tile.  At  Mlanchester  the  brickyard  of  C.  H.  Mattox,  located  on 
top  of  the  hill  in  the  eastern  part  of  the  city,  has  been  operating 
for  more  than  one-third  of  a  century.  The  clay  bank  developed 
showB  the  following  materials  : 

FBBT. 

3.    Soil ,  very  sandy  in  parts 1 

2.     Clay,  sandy  and  pebbly,  yellow 3 

1.     Clay,  yellow  to  brown 6 

Number  1  contains  sharp  gand  disseminated  throughout  and 
in  pockets,  and  occasionally  a  pebble.  Below  the  base  of  the  cut 
there  is  about  sixty-five  feet  of  blue  drift  clay ;  limey  in  the  upper 
portion.  The  Niagara  limestone  lies  below  the  heavy  till.  Com^ 
mon  brick  only  are  manufactured  at  the  present  time. 

THB  LOESS. 

Beyond  the  borders  and  overlapping  some  of  the  drift  sheets, 
a  fine,  evenly  sorted  material  has  been  deposited.    Such  deposits 
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appear  to  be  almost  stmctureleBs  and  while  ea^ly  eroded  or  re- 
moved by  running  water,  possess  the  property  of  madntainiiig  ver- 
tical embankments,  even  assuming  the  magnitude  of  olifFs  as  may 
be  seen  facing  the  Missouri  river.  When  examined  closely,  it  is 
found  that  the  materials  oompoeing  sujoh  deposits  are  clay,  silt 
and  fine  sand,  exactly  identical  with  those  materials  found  in  the 
unassorted  bowlder  clays  which  preceded  themt.    Sometimes  one 
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and  sometimes  another  of  these  oonstituents  predominata  As  a 
general  rule  there  is  a  gradual  increase  in  the  sand  element  frtmi 
the  surface  downward,  the  deposit  often'  terminating  in  a  bed  of 
fine  sEund.  This  material  is  known  as  the  loess,  l^e  distribution 
of  the  loess  appears  to  be  independent  of  the  local  tO|p<^raphy. 
It  is  usually  thickest  near  the  brow  of  the  hills  and  bluffs,  along 
the  principal  water  courses,  especially  those  blnffs  which  face 
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west,  and  thins  gradually  toward  the  divides.  The  deposits  also 
become  less  arenaoeoos  in  character  toward  the  water  aheds.  The 
loew  oftea  contains  the  well  preserved  remaduB  of  arid  r^on 
gastropods,  root  oasts  and  lime  concretions.  Some  of  the  last 
assume  curious  and  fantastic  shapes,  the  dermans  calling  them 
Loess-Piippchen  and  Loess- Mao  nchen  because  of  their  fancied 
resemblance  to  diolls.  The  Ume  balls  when  pireeent  usually  occur 
in  a  zone  some  feet  from  the  surface  and  can  generally  be  avoided 
when  the  clay  is  used  in  the  clay  industries.  The  loess  covers 
more  than  one-half  of  tlie  surface  of  the  state,  and  varies  from' 


of  soft  mnd  briok.    WIIUmd  Sunaali  yaid. 


MoscatlDe,  lowk. 


total  absence  to  twenty  or  thirty  feet  and  exen  exceeds  one  hun- 
dred feet  in  thickness  along  the  Missouri  river.  It  affords  an  ex- 
haustless  supply  of  material  suitable  for  the  manufacture  of  brick 
by  the  soft  mud,  stiff  mud  or  dry  press  process,  drain  tile  and 
burnt  clay  ballast  It  is  the  cheapest  of  clays  to  work,  requiring 
neither  dynamite  nor  pick  in  the  pit  and  often  receiving  no  pre- 


532  THE   GBOLOGT   OF   0LAT8. 

liininary  grinding,  crushing  or  pugging  before  being  introduced 
to  the  brick  machine.  A  large  majority  of  the  brick  plants  in  the 
state  draw  their  raw  material  from  the  loess. 

The  Red  Ctoy.— Several  fairly  distinct  types  of  loess  have  been 
recognized  in  Iowa,  but  all  are  believed  to  be  genetically  related. 
The  most  important  deposits  are  known  to  be  younger  than  the 
Kansan  drift  and  are  older  tiian  the  Wisconsin.  Perhapi  the 
oldest  type  occurs  in  tlie  southwestern:  portion  of  the  state  and  is 
known  as  the  red  clay  or  *' gumbo"  and  has  been  quite  fully  de- 
scribed by  Udden  in  his  report  on  the  (Jeology  of  Pottawattamie 
County.*  The  red  day  quite  closely  resembles  physically  the 
younger  phase  of  loess  which  covers  it,  but  is  less  porous",  and  has 
been  thoronghly  oxidized  and  leached.  On  drying  it  resembles  a 
joint  clay,  breaking  into  a  numben  of  angular  fragments.  Occa- 
sionally, but  not  comraofily,  it  containQ  drift  pebbles  in  the  lower 
portion.  Its  impervdous  character  appears  to  be  due  to  a  slightly 
higher  percentage  of  clay  particles  but  more  especially  to  the 
interstitial  deposition  of  fine  ferruginous  material  through  the 
agency  of  the  ground  water.  So  far  as  known  it  is  free  from 
organic  remiains  and  its  origin  and  taxonomio  relations  are  not 
well  understood.  Exposures  are  not  common  and'  the  red  day 
has  not  been  dteveloped  in  the  day  industries.  The  dose  relation- 
ship between  the  red  day  and  the  younger  loess  is  dearly  shown 
by  an  inspection  of  the  following  table,  which  is  t^en  from  Pro- 
fessor Udden 's  report  It  is  estimated  that  the  loess  constitutes 
95  per  cent  of  the  red  day.  » 

^lowaOeologioalSarvej,  Vol.  XI.  pp.  266  to  268. 
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Northwest  corner 
section  22|  Mlnden 
townnhlp. 


Three  mites  wei*t  of 
A vooa,  6  feet  above 
bowlder  clay. 


Two  anl  one -half 
miles  east  of  Wal- 
nut. 


Railroad  oat,  section 
18.  Lajton  town- 
ship. 


Railroad  one,  section 
18,  Layton  town- 
fihip. 


Railroad  oat,  section 
18,  Layton  town- 
nhip. 


Heliroad  out,  section 
14,  Layton  town- 
ship. 


From  a  well.  6  miles 
north  of  Walnut 


Braddyyille,  Iowa. 


Light  yellow  loess, 
section  88,  Boomer 
townwhlp. 


Council  Bluffs,  base 
of  bl  iffs 


Ooundl  Bluffs,  80  ft. 
above  ba«e. 


Council  Bluffs,  40  ft. 
above  base. 


Oounoil  Bluffs,  60  ft. 
above  base. 


Ck>uncil  Bluffs,  20  ft. 
from  top  of  bluff. 


Council  Bluffs,  16  ft. 
from  top. 


Couocil  Bluffs,  8  ft. 
from  top. 


Ooundl  Bluffs,  2  ft. 
from  top. 


Council  Bluffn,  10  in. 
from  top. 


Council  Bluffs,   top 
soil. 


Average  compositioD 
of  a  umbo. 


Average  composition 
of  Loess. 
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The  Gumbo. — ^In  the  southern)  jKirtioii  of  the  state,  away  from 
the  great  rivers,  the  giuuibo  is  gray  tot  drab  in  color,  and  while 
believed  to  belong;  straitigraphically  mth.  the  loess,  it  is  more 
plastic  andi  less  poroufii  tham  the  loess  which  covers  it  When 
damfp^  but  not  wet^  it  presents  a  mealy  appearance  which  is  quite 
deceptive  as  to  its  real  character.  As  in  the  case  of  the  red  clay,  it 
rarely  carries  pebbles.  Small  lime  balls  are  often  present^  but  are 
usually  not  so  large  or  so  numerous  as  those  in  the  loess.  The 
inland  type  of  gumbo  rests  directly  on  the  ferretto  zone  of  the 
EJansan  and.  attains  a  thickness  of  ten  feet  It  is  possible  that 
the  red  clay  and  the  inland  gumibo  may  be  phases  of  the  same 
deposits. 

Burnt  Clay  BaUa^st.— The  red  clay  and  gumbo  are  not  of  prac- 
tical interest  to  the  brick  mlaker  because  of  their  excessive  shrink- 
age. The  gumbo,  with  the  close-textured  loess  which  covers  it 
in  a  number  of  counties  ini  southern  Iowa,  has  been  developed 
quite  extensively  at  a  number  of  points  for  the  manufacture  of 
burnt  clay  ballast  Two  companies  are  actively  engagied  in  this 
work  at  the  present  time.  The  Davy  Burnt  Clay  Ballast  Com- 
pany, whose  home  office  is  in  Kenosha,  Wisconsin,  and  the  West- 
ern Ballast  Company,  with  home  office  at  Aurora,  IHmois.  The 
first  company  has  pits  at  Selection  and  Coming,  while  the  second 
is  operating  at  Nodaway,  Adams  county.  The  methods  used  are 
essenitially  the  same.  The  material  used  ordinarily  consists  of 
the  superficial  loess  with  the  gumibo  below.  Occasionally  an 
alluvial  day  is  used,  as  was  the  case  near  Cuba,  in  Iowa  county. 
Whatever  the  material  used  certain  physical  properties  are  essen^ 
tial  to  insure  satisfactory  results.  The  excessive  shrinkage  men- 
tioned which  is  fatal  to  success  in  the  manufacture  of  ordinary 
day  goods  is  not  only  a  desirable  quality  but  is  essential  to  the 
economic  manufacture  of  burnt  day  ballast  The  extraordinary 
shrinkage  causes  the  gumbo  masses  scoopedl  out  by  the  ballast  ma- 
chine to  partially  disintegrate  ander  fire,  at  once  fadlitating  an 
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equable  distribution  of  heat,  whlcli  makes  unifanaiity  in  baming 
possible  and  prerents  tbe  overheating  and  ooDsequently  the  pn>- 
duction  of  nnwieldy  fflassy  bowlders  and  clinkers.  The  prodnct 
vihen  BUGoessfuUy  burned  ooosiste  of  fragmientB  fairly  oniform 
in  size  aod  requires  no  farther  treatment  preparatory  to  use.  A 
second  quality,  while  not  so  important  as  the  first,  oontributes 


Fio.  n.    Bnmt  elaj  ballut  maohlna  lued  bj  the  Dbtj  Burnt  OIbj  BkUaat  OompKUf. 

very  largely  to  economical  production.  The  days  beet  adapted 
to  the  mannfachrpe  of  burnt  clay  commonly  contain  high  per- 
centages of  fluxes.  The  upland  gumbos  in  particular,  which  yield 
the  best  results,  are,  on  accoant  of  their  impervious  nature,  almost 
wholly  unoxidized  and  unleaehed.  The  high  percentages  of  fluates 
and  the  extremely  fine  textures  of  the  gumbo  lower  the  fusibility 
and  obviously  reduce  the  coet  of  burning. 

The  upland  type  of  gumibo  has  a  wide  distribution  over  the 
southern  half  of  Iowa.  It  is  commonly  present  on  the  divides 
between  nearly  all  of  the  more   important   drainage  lines  and 
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varies  in  thictkness  from  a  thin  veneer  or  total  absence  to  twenty 
or  even  Uiirty  feet.  The  superficial  portion  is  charged  generally 
with  humns  and  stained  a  gray-black  in  color  when  wet,  to  lighter 
shades  when  dry,  and  grades  downward  into  an  ash-gray  to  blue- 
gray,  pebblelees  and  almjost  gritless  deposit  The  monotony  of  the 
lower  portione  is  broken  ooeasionaJly  by  almost  white  blotches 
of  lime. 

The  methods  used  by  the  Davy  company  in  the  maniifacture  of 
burnt  clay  are  very  simjple  and  very  effective.    Some  five  or  six 


Fio.  77.    Ooallng  machine  used  bj  the  Davy  Bnrnt  C1>t  BallaM  Compui  j-. 

feet  of  the  surfaoe  materials  are  used.  A  ear  mounted  on  truolw 
and  equipped  with  a  pair  of  steami  shovels  working  from  two 
extra  long  booms  extending  out  at  right  angles  to  the  car  consti- 
tute the  excavating  or  ballast  machine.  In  ppeuing  a  pit  a  wind- 
row of  combustible  material,  usually  old  ties,  bridge  material  and 
other  refuse,  is  placed  at  the  maigin  of  the  area  which;  it  is'  pro- 
posed to  exploit  A  track  is  laid  in  front  upon  which  the  ballast 
machine  operates.  The  steam  shovel  outs  a  trench  as  it  moves 
ahead,  depositing  the  removed  materials  on  the  row  of  wood  on 
the  opposite  side  of  the  trench  by  the  scoop  running  out  on  the 
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boom  and  dninping.  The  excavating:  oar  is  foUowecJl  by  a  coaling 
car  which  consists  of  a  traveling  scoop  or  dnedge  much  on  the 
same  principle  as  the  steami  shovel  which  brings  the  coal  to  a  belt 
conveyor,  which  in  turn  deposits  a  thin  layer  of  ooal  evenly  over 
the  fresh  day  ridge.  The  track  is  set  back  from/  the  trench  and 
the  steam  shovel  cuts  a  new  swath  transferring  the  material 
across  the  trench  and  depositing  it  evenly  over  the  preceding 
layer.  This  in  turn  is  followed  by  the  coaling  machine  and  the 
process  is  repeated  over  and  over  again.  The  first  layers  axe  fired 
and  the  fire  passes  from  one  layer  to  another,  the  process  being 
continuous  when  once  well  under  way.  The  amount  of  coal  added 
is  intended  to  be  sufficient  to  bum  all  or  nearly  all  of  the  clay, 
but  not  to  fuse  it.  The  value  of  the  ballast  depends  very  largely 
upon  the  perfection  of  the  burning.  If  underbumt  the  clay  slakes 
and  becomes  slippery  when  wet.  If  completely  fusedi  it  adds  to 
the  expense  of  distribution.  The  product  of  a  successful  bum 
consists  of  fragments  more  or  less  uniformly  sized,  and  may  be 
considered  an  artificial  gra/vel.  The  usual  way  of  handling  the 
ballast  when  sufficiently  cooled  is  to  lay  a  track  on  the  opposite 
side  of  the  pit  fronn  the  ballast  machine  and  coaler  and  use  a 
steam*  shovel.  Flat  cars  are  loaded  in  this  way  or  may  be  loaded 
by  hand.  Thus  when  the  plant  is  in  full  blast  loading  and  re- 
moval follow  closely  trenching  and  coaling.  Steam  coal,  slack 
and  mine  waste  only  are  used  for  burning  after  the  initial  kind- 
ling. For  economical  working  the  pit  usually  ranges  from  one- 
half  mile  to  a  mile  in  length.  The  methods  used  in  the  distribu- 
tion of  the  ballast  along  the  right-of-way  are  the  same  as  those 
jn^ctioed  in  the  distribution  of  gravel  and  crushed  stone.  In 
addition  to  the  use  of  burnt  clay  for  railway  ballast,  it  bids  fair 
to  serve  as  a  substitute  for  cinders  and  gravel  in  filter  beds,  and 
for  gravel  and  crushed  stone  in  concrete  and  highway  work. 
When  the  **good  roads"  miovement  assumes  a  more  practical 
form  the  wealth  of  raw  materials  suitable  for  the  manufacture  of 
burnt  clay  may  receive  the  attention  their  imi)ortance  merits. 
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The  lotvan  Loess. — The  nuoet  important  loess  deposit  is  known 
as  the  lowan  loem.  It  closely  fringes  and  is  supposed  to  be  closely 
oontemporaneous  with  the  drift  sheet  of  that  name.  TLe  Jowan 
loess  forms  a  veneer  over  the  older  silt  and  clay  diepoeits  men- 
tioned and  has  the  greatest  superficial  extent  of  any  deposit  in  the 
Btata 


1  in 

Vra.  7&     StntlD*d  kMO,  In  elaj  pit  of  Sleg  and  Size,  n 


itot  HftrahslllowD . 


The  lowan  loess  forms  an  uninterrupted  depoat  from  Lyon 
and  Osceola  in  the  northwest  around  the  Wisconsin  lobe  to 
Jasper  and  Marsliall  counties,  closely  fringing  the  front  of  the 
lowan  drift  to  Johnson  and  Cedar  eoanties.  The  lowan  loess  also 
margins  the  lowan  lobe  on  the  east.  While  its  oontiniuity  is  un- 
broken, the  lowBn  loeas  presents  quite  different  phases  for  the 
different  portions  of  the  state.  The  Missouri  river  type  carries 
more  fine  sand  and  silt  than  is  characteristic  of  the  inland  and 
the  Mississippi  types.  The  first  type  has  been  developed  most 
extensively  at  Council  Bluffs  and  Sioux  City.  The  Besley  pit 
ait  the  former  place  exposes  some  fifty  feet  of  loess  usable  in  the 
day  industries.  The  bulk  of  the  deposit  is  made  up  of  particles 
varying  from  one-sixteenth  to  one- thirty -second  of  a  millimeter 
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in  diameter,  less  than  two  per  cent  consisting  of  fragments  exceed- 
ing on)e-eighth  of  a  mdllimeter  in  diameter  or  smaller  than  one- 
one  hundred  twenty-eighth  of  a  mallimeter  in  diameter.  It  is 
highly  poronB  in  character  and  breaks  along  vertical  fraetores^ 
tarely  showing  any  traces  of  bedding  planes.  The  prevailing  color 
is  a  grayish-yellow  to  a  pale  straw,  yellow.  It  does  not  possess 
sufficient  plasticity  to  work  well  in  the  manufacture  of  hollow 
ware.  It  yields  a  fair  grade  of  brick  manufactured  by  soft  mud, 
latiflf  miuid  or  dress  press  process.  Considerable  difficulty  is  ex- 
perienced in  drying  the  ware  to  prevent  air  checking.  Consid!- 
erable  lime  is  present  in  the  widely  disseminated  state  and  as 
gastropod  shells  but  few  concretions  are  present.  Local  ©xceph 
tions  are  nuanerous  where  lime  occurs  in  sufficient  amount  to 
render  the  deposit  useless.  Three  samples  were  selected  from'  the 
besley  pit,  believed  to  be  representative  of  the  top,  middle  and 
lower  portions.  Complete  chemical  and  rational  analyses  are 
given  below : 

TOP.  MIDDLE.         BOTTOM. 

Silica. 67.15  68.22  71.76 

Alumina ......  6.55  10.21  10  12 

Combined  water 2.03  1.52  2  94 


Clay  and  sand 75  73  79  95  84  82 

Iron  oxide 3.83  2.87  2.40 

Lime 7.36  3.90  2.52 

Magnesia 3.15  3.16  3.29 

Potash 55  .58  .47 

Soda. 189  1.68  1.59 


Total  fluxes 16  78  12.19  10  27 

Moisture 1.05  .62  1.52 

Sulfur  trioxide. 0.9C  1.45  1.76 

Carbon  dioxide  5.53  5.86  1.86 

RATIONAL  ANALYSES. 

Clay  substance 26.51  19.72  27.37 

Feldspar 28.34  25.74  19.32 

Quartz 32  77  40.29  46.09 

Magnesium  carbonate 6.15  6.63         

Calcium  carbonate 4.70  5.16  4  25 

Calcium   sulfate 1.53  2  46  2  97 

100.00  100  00  100.00 
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It  will  be  noted  that  all  are  highly  siliceous,  ranging  from  67.15 
to  71.76.  It  is  also  apparent  that  they  run  low  in  almnina  and 
comparatively  higji  in  lime  and  magnesia.  Sufficient  iron  is  pres- 
ent to  give  a  fair  color  and  the  high  percentage  of  fluxes  causes 
the  ware  to  melt  at  a  reasonable  temperature,  notwithstanding  the 
high  silica  contained  and  the  comparatively  coarse  material 

Council  Bluffs  is  the  largest  user  of  surface  clays  in  the  mano- 
f acture  of  bride.  The  Sioux  City  material  is  essentially  the  same 
although  analyses  have  not  been  made.  Practically  every  county 
in  the  state  where  the  lowan  loess  occurs  contains  one  or  more 
clay  plants  using  it,  which  have  developed!  it.  At  Council  Bluffs 
most  of  the  ware  is  made  by  the  soft  mud  process  although  a  lim- 
ited number  are  turned  out  as  stiff  mudi  brick.  In  Guthrie  oountv 
the  usual  inland  type  of  the  lowan  loess  prevails  over  the  south- 
em  and  eastern  portion  of  the  county;  northeasterly  it  passes 
undler  the  Wisconsin  drift.  It  has  been  worked  at  a  number  of 
points.  At  Guthrie  Center  the  pit  opened  by  Mr.  W.  E.  Berry 
may  be  taken  as  fairly  representative  for  the  district.  It  is 
adapted  to  all  of  the  common  processes  of  brick  making  and 
would  undoubtedly  yield  a  good  face  brick.  An  analysis  is  given 
below. 

Silica .- 68.62 

Alumina 14  98 

Combined  water 3.55 


Clay  and  sand 87. 15 

Iron  oxide 4,16 

Lime 1.48 

Magnesia.....' ~ - 1.09 

Manganese  oxide » - 64 

Potash 1.50 

Soda...^.~ 1.86 


Total  fluxes 10. 73 

Moisture 2.78 

It  is  obvioa8  from  a  casual  inspection  of  the  above  analysis 
that  the  Guthrie  county  type  is  less  silicfeous,  contains  a  lower 
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peroentage  of  lime  and  ma^esia  and  is  oonsiderably  higher  in 
alumina  and  iron.  It  bums  a  pale  color  and  is  much  more  plastic 
than  the  Missouri  river  type  and  gives  good  results  in  the  manu- 
faoture  of  hollow  ware.  In  this  region  the  loess  varies  from  total 
absence,  where  it  has  been  removed  along  stream'  ways,  to  fifteen 
or  twenty  feet  thiok  near  the  hill  fronts  and  beoofmes  gradually 
thinner  as  the  divides  are  approached. 

In  Adair  coimty  the  loess  is  even  more  siliceous  than  the  Coun- 
cil Bluffs  type.  The  loess  covers  the  entire  county  save  where  it 
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has  been  removed  by  the  streams.  It  varies  fromi  a  few  feet  to 
thirty  feet  in  thickness  and  is  used  at  a  number  of  points  in  the 
manufacture  of  clay  wares.  It  is  usually  quite  homogeneous  and 
free  from  impurities.  Oocaeionally  it  carries  small  calcareous 
ooneretions  and  a  few  gastropod  remains.  At  Bridgewater  the 
Gillette  brickyard,  located  just  south  of  the  pit,  is  developing  the 
loess.    Under  the  soil,  wihich  is  usually  removed,  lies  a  gray  joint 
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clay  which  is  used  in  the  manufacture  of  common  brick.     An 
analysis  of  the  clay  shows  the  following  constituents : 

Silica 77.13 

Alumina !- 10.75 

Combined   water 2.22 

Clay  and   sand 90.  0 

Iron  oxide 2.38 

Lime 2.08 

Magnesia 0.83 

Potash 1.73 

Soda 0.60 


7  62 
Moisture 1.45 

Although  the  amount  of  iron  runs  lower  than  for  most  of  the 
inland  loess,  yet  sufficient  is  present  to  give  a  good  color  to  the 
burnt  ware.    The  clay  is  also  suitable  for  making  drain  tile. 

The  lowan  loess  has  also  been  extensively  developed  in  and 
around  Des  Moines,  in  Polk  county.  In  many  cases  the  loess  has 
been  somewhat  naodified  by  drift  wash  and  alluvium.  It  has  been 
manufactured  by  all  of  the  well  known  processes  of  brick  making. 
Modified  loess  has  been  usedl  quite  extensively  by  the  Pale 
Brick  Company.  An  analysis  of  the  average  material  taken  from 
the  pit  is  as  follows: 

Silica 73  69 

Alumina 9.68 

Combined  water 3.88 


Clay  and  sand  87.25 

Iron  oxide 5.36 

Lime  1.53 

Magnesia  1.01 

Potash 1  27 

Soda 2.72 


Total  fluxes 11.89 

Moisture .71 

RATIONAL  AXALTSIS. 

Clay  substance - 31.30 

Feldspar 12.47 

Quartz 56  23 

100.00 
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It  may  bet  noted  that  the  Dale  day  nms  exceptionally  high  in 
eilica  and  quartz  saod'  and  is  oomparatively  low  in  alumina  and 
magneaia.  It  also  runs  highi  in  tha  stronger  fluxes,  soda  and  pot- 
ash, and  notwithatanding  ita  high  siliceous  percentage  bums  at  a 
reasonable  temperature.  It  also  runs  high  in  iron  and  assumes 
a  deep  oherry  red  when  bomt  The  ware  gives  good  satisfaction 
as  face  brick  and  is  used  extensively  as  a  trimming  for  interior 
finish  and  has  been  adopted  as  a  veneer  for  many  railway  build- 
ings along  the  Book  Island  and  the  Northwestern  railways. 


ria   W.    Pit  ot  a  a  Beutlsy  ASou,  onemlleeMtotTama,  Iowa. 

In  the  manufacture  of  dry  press  brick  the  lowan  loess  has  been 
most  ext^isively  developed  near  the  lowan  drift  margin  at  Glad- 
brook,  in  Tama  county.  Two  large  factories  have  been  using  it  at 
this  point  for  a  number  of  years.  The  loess  area  varies  from 
ten  to  twenty  feet  in  thickness  and  while  all  the  inland  type  car- 
ries a  higher  percentage  of  the  ooarser  materials  than  the  loess 
in  the  southern  tier  of  counties,  it  contains  a  sufficient  amount  of 
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flux  to  insure  burning  at  moderately  low  temperatures,  and  is  high 
enough  in  iron  to  yieldl  a  good  color.  An  analysis  of  the  loess 
selected  fromi  the  pit  of  the  Qethmaun  Brothers  is  as  follows: 


Bl.    Plant  or  OathiDkaii  Brothen  Prtaied  Brick  OompadT.  Qladbraok,  Iowa. 


Alnminft 

Combined  wmter 

11.76 

5.36 

Clay  and  und _.. 

85.04 

Iron   oxide _ 

Lime 

6.72 

1.63 

Potash 

1.87 

Moitture 

l.« 

RATIONAL  AlfALTSIB. 

Clay  Bubstance .,  39.90 

Feld»par 19.E0' 

Quarlz 40. Z8 
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Certain  portions  of  the  loess  contain  a  higher  percentage  of  the 

finer  constituents  and  are  sufficiently  plastic  to  be  used  in  the 

manufactuiie  of  drain  tile.  As  in  practically  all  of  the  loess,  con- 
siderable care  must  be  used  in  drying  to  prevent  undue  loss  by  air 

checking.  Both  of  the  Gladbrook  factories  gather  the  clay  and 
drj^  it  in  the  same  way.  The  pit  covers  quite  an  extensive  area,  is 
plowed  and  permitted  to  weather  a  few  diays ;  is  then  collected  by 
a-utomatic  loaders,  hauled  to  the  factory  by  teams,  dumped  into  a 
hoppen-shaped  chute,  from'  whence  it  is  elevated  into  storage 
sheds  and  kept  Until  most  of  the  moisture  has  been  evaporated. 
It  is  then  put  through  rolls,  elevated  and  screened,  and  conducted 
to  the  drj'-  press  machinery.  The  product  is  uniform'  in  char- 
acter, of  good  color  and  gives  good  service  as  face  brick  and  struc- 
tural brick. 

The  loess  in  Warren  county  is  of  the  inland  type  and  is  being 
used  at  a  number  of  points  for  common  building  brick  and  drain 
tile.  Two  samples  selected  from  the  pit  of  the  Indianola  Brick 
and  Tile  Company  were  analyzed  by  Professor  G.  E.  Patrick. 
The  first  sample  Avas  taken  near  the  surface,  just  below  the  soil, 
while  the  second  is  dark  gray  in  color  and  is  found  below  the 
upper  yellow  loess.    The  results  of  the  analyse®  are  given  below : 

No.  1.  No.  2. 

Silica 72.24  63.31 

Alumina 12.58  16.51 

Combined  water 3.33  6.89 

Clay  and  sand 88.15         86.71 

Iron  oxide 4.02  4  06 

Lime 1.40  1.11 

Magnesia 99  1.10 

Manganese  oxide 0.49 

Potash 1.54  .96 

Soda 2.60  2.20 

Total  fluxes 10.55  9.92 

Moisture 1.70  3.76 
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It  will  be  noted  that  the  upper  loess  is  more  highly  siliceous 
and  is  poorer  in  aluminum'  than  the  lower.  The  lower  clay  is 
slightly  poorer  in  the  fluxing  constituents  but  &ligjitly  more 
plastic.    The  chief  output  of  the  plaint  is  eomanon  building  brick. 

THE  WISCONSIN. 

The  Wisconsin  drift  formla  a  tongue^haped  lobe  whose  apex 

9 

extends  well  down  past  the  miidldle  of  the  state,  Capitol  Hill,  in 
Des  Moinesi,  marking  its  sdithem  extension.  The  lobe  loops  to 
the  westward  to  the  middle  branch  of  the  Raccoon  river,  in  Dal- 
las and  Guthrie  counties,  continues  diagonally  across  Carroll, 
tErough  Sac,  Buena  Vista,  Cherokee  and  O'Brien  counties,  loop- 
ing back  to  the  middle  of  O'Brien  and  Osceola  county  line  and 
then  northwesterly  across  the  comer  of  LyonI  county  to  the  Min- 
nesota line.  The  eastern  limits  have  already  been  given  as  the 
Altamlont  moraine.  The  Wisconsin  is  chairacterized  by  large 
numbers  of  bowlders  of  various  sizes,  many  of  which  are  cal- 
careous in  character.  The  drift  carries  a  large  quantity  of  gravel, 
lime  concretions  and  lime  in  the  widely  disseminated  form.  In 
the  vicinity  of  some  of  the  old  lake  beds  and  some  of  the  draws 
and  ravines,  the  wash  fromi  the  drift  ha-s  accumulated  to  depths 
of  several  feet  and  is  fairly  free  from  the  bowlder  and  lime  impu- 
rities, and  is  easily  wrought  into  the  cheaper  grades  of  clay  ware?. 
The  Wisconsin  has  been  developed  with  varying  degrees  of  suc- 
cess at  a  number  of  points.  AVhile  it  is  no  better  adapted  for  the 
manufacture  of  clay  products  than  miaterials  derived  from  the 
other  drift  sheets,  the  demand  for  clay  goods  has  been  greater  be- 
cause of  the  scarcity  of  shales  in  the  district  and  because  of  the 
groat  demand  for  drain  tile,  owing  to  the  undrained  character  of 
the  surface.  A  oasuail  inspection  of  the  map  will  show  the  great 
scarcity  of  drainage  lines.  The  larger  systems  only  being  out- 
lined, and  the  map  shows  a  remarkable  scardtj^  of  the  smaller 
tributaries.    The  Wisconsin  area  is  the  region  of  the  Iowa  lakes. 
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aiid  a  line  so  draiwn  as  toi  take  in  all  of  the  lakes  and  ponds  of 
mapable  size  will  approxinDately  coincide  with  the  limits  of  the 
Wisconsin  drift  Because  of  the  great  demands  and  the  relative 
scarcity  of  suitable  material  for  the  manufacture  of  day  goods, 
mere  persistent  efforts  have  been  made  to  utilize  the  Wisconsin 
tham  have  been  made  toward  the  utilization  of  any  other  drift 
sheet. 

Buena  Vista  County.— Rusoell  Brothers  of  Storm  Lake  are  de- 
vehjping  modified  Wisoonsini  drift.  Their  plant  is  located  about 
one-half  mile  east  of  the  Illinois  Central  railway  depot,  north  of 
the  railway  track.  The  clay  is  obtained  in  the  immiediate  vicinity 
and  consists  of  a  surface  wash  of  silt  and  day,  free  fromi  gravel, 
and  limestone  concretions  are  not  common.  Below  the  black  loam 
the  yellow  day  bears  a  blotchy  appearance  due  to  the  presence  of 
partially  weathered  pyrites.  The  clay  averages  five  to  six  feet  in 
thickness  and  resembles  a  gumbo.  It  is  very  similar  to  the  ma- 
terial used  in  the  manufacture  of  brick  and  tile  at  Dysairt,  in 
Tama  county.  A  chemical  analysis  was  made  and  the  results  are 
given  below: 

SUicA .66.44 

.     Alumina 12.64 

pombined  water 5.83 

Clay  and  sand 84.91 

Iron  oxide - 4.00 

Lime '. 4  02 

Magnesia ~ 1.80 

Potash , 1 .  14 

Soda 1.90 

Total  fluxes 12.86 

Moisture 2. 33 

RATIONAL    ANALYSIS. 

Clay   substance 38.80 

Feldspar 24.84 

Quartz... 36.36 

100.00 
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It  will  be  noted  by  a  casual  inspection  of  the  analysis  that  the 
clay  is  relatively  high,  in  silica  and  lime  and  low  in  alumina.  In 
this  respect  it  closely  resemibles  the  loess.  It  is  also  high  in  felA 
spar,  another  character  commion  to  the  loess.  Drain  tile  is  the 
principal  product,  although  a  few  common  building  brick  are 
manufactured. 

Clay  County.— The  Spencer  Brick  and  Tile  Works  is  located 
about  a  mile  and  one-half  north  of  the  station  of  the  Chicago,  Mil- 
waukee &  St.  Paul  railroad,  between  the  Little  Sioux  river  and 
the  Spirit  Lake  Branch  of  the  railroad.  Formerly  brick  were 
made  by  hand,  but  at  the  present  time  a  stiff  mud  machine  is 
used.  Great  care  is  required  to  prevent  checking  in  drying. 
The  pit  section  is  as  follows : 

FBBT. 

4.    Soil,  black  grading  into  brown  and  calcareous  be- 
low       31 

3.    Clay,  gray  to  yellow,  clouded 2| 

2.    Clay,  grayish,  plastic,  jointed .~ H 

1.     Clay,  drab,  sandy  in  lower  part 19 

With  the  exception  of  a  thin  layer  of  soil,  the  entire  section  is 
utilized.  Considerable  care  is  exercised  in  the  removal  of  lime 
concretions  which  are  present  in  small  quantity  throughout  the 
section.  Number  2  is  decidedly  loess-like  and  the  entire  series 
resembles  altered  upland  material.  The  loess-like  member  was 
analyzed  and  the  results  are  as  follows: 

Silica. 52.42 

Alumina ^- 13. Q4 

Combined  water 4.06 


Clay  and  sand 68.52 

Iron  oxide ^ 6.24 

Lime 7.98 

Magnesia » 2.24 

Potash 1.41 

Soda 2.67 


Total  fluxes 20.54 

Moisture 2.67 

Carbon  dioxide 7.51 
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The  analysis  does  not  show  any  marked  loess-like  affinities  save 
in  the  low  peroentoge  of  almnana.  It  is  mnioh  lower  in  silica  and 
carries  miore  of  the  carbonate®  than  is  usual  in  the  loess.  During 
wet  seasons  some  difficulty  is  experienced  in  keeping  the  pit  dry 
enough  to  work  the  entire  section. 

Pocahontas  County. — The  Wisoonein  drift  has  been  most  ex- 
tensively used  at  Fonda  at  Straight  Brothers.  The  raw  clay  is 
obtained  froml  a  pit  immediately  west  of  the  factory,  which  is 
located  apposite  the  Illinois  Central  depot.  The  pit  shows  typi- 
cal Wisconsin  drift  with  its  characteristic  gravels,  bowlders,  lime 
concretions  and  all.  The  clay  has  been  worked  to  a  depth  of  over 
twenty  feet,  pimapdng  being  necessary  to  keep  the  pit  dry  during 
certain  seasons  of  the  year.  The  soil  and  partially  oxidized  yel- 
low bowlder  clay  comprise  about  two^thirds  of  the  section,  the 
gray  blue  to  blue  clay  making  up  the  lower  one-third.  The  ma^ 
terial  is  plowed,  allowed  to  weather  and  dry  out  more  or  less;  is 
then  loaded  intol  cars  by  means  of  horse  scrapers,  after  which  it 
is  drawn  to  the  factory  by  a  tail  rope.  The  clay  is  carried  by 
means  of  a  belt  conveyor  to  the  clay  working  mlachinery,  which 
consists  of  a  nine-foot  Eagle  dry  pan  in  which  the  mniUers  are 
suspended  so  as  not  to  pulverize  the  gravel  and  lime  concretions 
too  fine.  The  gravel  is  removed  by  a  shovel  and)  thrown  into  an 
elevator  which  conveys  it  to  a  slumming  box  fitted  with  an  auger 
pugger  and  screens.  The  finer  clay  and  soot  particles  rise  and 
float  off  into  a  chute,  are  elevated)  and  sent  back  to  the  pug  mill. 
The  part  which  passes  through  the  dry  pan  is  elevated  and  passes 
from  a  fine  mesh  inclined  screen.  Screenings  are  led  directly  to 
the  combined  brick  and  tile  machine.  Tailings  pass  into  the  slum- 
ming box  as  is  the  case  with  the  tailings  from  the  dry  pan.  Both 
brick  and  drain  tile  up  to  eight  inches  in  diameter  are  manu- 
factured, the  ware  giving  good  satisfaction.  It  bums  a  pale  red, 
quite  similar  in  color  to  the  product  from  the  Devonian  shales  at 
Ma&cn  City.  It  is  strong  and  little  loss  is  sustained  through  air 
and  fire  checking. 
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Numerous  attempts  have  been  made  to  develop  the  Wisconsin 
at  other  points  but  usually  without  taking  the  precautious  of 
removing  the  gravel  and  lime  concretions.  The  results  have  been 
variable,  never  wholly  satisfactory  and  numerous  failures  have 
been  recorded. 

Clay  works  using  modified  Wisconsin  drift  have  been  in  continu- 
ous operation  at  Jewell  Junction,  Hamilton  county ;  Manson  and 
Lohrville,  in  Calhoun  county ;  Sioux  Rapids,  Buena  Vista,  Eagle 
Grove,  in  Wright  county ;  Livermore,  in  Homboldt  county ;  and 
Spencer,  in  Clay  county.*  The  mtethods  used  are  very  similar  to 
those  at  Stormi  Lake.  Unaltered  Wisconsin  drift  can  not  be  used 
with  a  reasonable  chance  of  success  unless  the  same  precautions 
are  observed  as  those  at  Fonda  in  its  use.  Nutnierous  areas  can 
be  found,  doubtless,  of  Wisconsin  drift  where  the  pebbles,  bowl- 
ders and  lime  concretions  have  been  largely  removed,  as  is  the 
case  at  Stormi  Lake  and  Jewell  Junction,  and  in  such  cases  the 
clays  will  respond  satisfactorily  to  the  treatment  ordinarily  ac- 
corded surface  clays.  Considerable  loss  may  be  expected  during 
the  process  of  drying  and  some  loss  perhaps  during  burning,  but 
the  great  demand  with  tlie  conseiquent  high  prices  ought  to  stimu- 
late  the  growth  of  the  industry  in  the  counties  covered  by  the 
Wisconsin  drift  Large  plants  have  been-  established  recently 
at  Estherville,  in  Emmet  county,  and  at  Britt,  in  Hancock 
county.  Others  will  be  organized  in  the  near  future.  In  addition 
to  the  deposits  which  have  aocumiulated  in  the  depressions  of  the 
lake  bed  type,  as  at  Storm  Lake,  less  important  deposits  may  be 
found  along  small  ravines  and  draws,  along,  the  larger  drainage 
lines,  as  alluvium:  and  the  so-called  ** white  oak"  soil  which  face 
some  of  the  more  important  streamways.  The  first  will  be  de- 
scribed here,  while  the  latter  will  be  described  under  the  head  of 
Post- Wisconsin  deposits. 

It  is  a  well  known  fact  that  the  finer  particles  from  hilltops 
and  slopes  slowly  gravitate  toward  lower  levels.    Tliis  change  of 
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position  may  be  initiated  and  doubtless  is  aooentuated  in  times 
ofi  freshets,  but  even  gentle  rains  facilitate  the  downward  move- 
ment until  eventually  these  finer  materials  find  lodgment  on  the 
lowier  hillslopes  an^  ravines,  where  they  are  in  more  or  less 
stable  position.  This  is  a  natural  slumiming'  process,  the  coarser 
materials  being  left  behind.  They  often  show)  some  evidence  of 
sorting  and  stratification,  proving  that  running  water  has  had 
something:  to  do  with  tiieir  deposition,  while  in  other  places  no 
structural  features  are  apparent.  They  are  always  of  heterogene- 
ous character  both  chemically  and  mineralogically,  showing  their 
descent  from  several  different  kinds  of  rocks  and  also  evidencing 
their  temporal  character.  Such  days  yield  readily  by  the  soft 
mnd  process  and  have  been  used  stiff  mud  at  Eagle  Grove  and 
Iowa  Falls,  both  for  brick  and  drain  tile. 

POST-WISCONSIN. 

Deposits  of  clays  and  silts,  young^er  than  the  Wisconsin  drift, 
are  found  along  the  larger  streamways  and  on  many  of  the  bluffs 
*  facing  the  larger  streams.  The  former  are  knowni  as  alluvial 
deposits,  while  the  latter  are  believed  to  have  been  accunmlated 
throilgh  the  agency  of  the  wind.  Both  are  veiy  heterogeneous  in 
character  both  mineralogically  and  chemdcally  and  are  composed 
of  fine  sandi,  silt  and  clay,  the  first  two  oftentimes  comprising 
more  than  half  of  tlie  entire  bulk.  Alluvium  is  found  along  all 
those  streams  which  have  built  flood  plains  for  themselves  and 
varies  in  thickness  from!  a  few  inches  to  a  number  of  feet.  It  is 
easily  obtained  and  yields  readily  to  the  simplest  processes  of  the 
clay  worker.  In  Iowa  the  alluvium  affords  the  raw  materials  for 
the  manufacture  of  soft  mud  brick  only.  On  account  of  the  high 
percentage  of  fine  sand,  it  is  usually  short,  dries  easily  and 
shrinks  but  little  where  the  clay  and  silts  greatly  predominate. 
The  alluvial  deposits  can  not  be  used  alone,  because  of  the  high 
shrinkage  during  drj'ing  and  the  attendant  loss  through  check- 
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ing.  The  short  alluvial  clays  when  blended  with  mlore  plastic 
materials  may  be  used  by  the  stiff  mud  process  in  the  manufac- 
ture of  comimiofn  brick  and  hollow  ware.  The  older  alluvial  depos- 
its are  usually  found  on  terraces  or  benches  above  the  present 
stream  flood  plain  and*  are  often  known  as  the  second  bottom 
deposits.  They  are  very  similar  in  character  to  the  modem  allu- 
vial deposits  and  are  treatad  in  the  same  way  in  the  manufacture 
of  day  goods. 

The  wind  deposits  flank  most  of  the  larger  streams  of  the  state, 
usually  on  the  opposite  side  from'  which  the  prevailing  winds 
blow.  They  are  commonly  quite  highly  arenaceous  to  silty,  gray- 
brown  deposits  and  are  devoid  of  pebble®  and  bowlders.  They  are 
of  mixed  chemical  and  mdneralogieal  compositions  but  are  highly 
siliceous.  The  deposits  obtain  a  thickness  from  five  to  ten  feet, 
often  not  exceeding  one  to  three  feet.  They  attain  their  maximum 
thickness  on  the  brow  of  the  bluffs  and  thin  quite  rapidly  inland, 
rarely  being  recognizable  more  than  a  mile  from  the  bluffs '  scarp. 
They  are  often  known  locally  as  white  oak  soils  because  that  very 
well  known  and  desirable  species  of  oak  finds  in  them  a  con- 
genial  hoet  The  deposits  are  thoroughly  oxidized!  and  leached 
and  structural  or  bedding  planes  are  absent.  The  coarsest  ma- 
terials which  enter  into  their  comiposition  are  found  nearest  the 
flood  plain  and  the  size  of  grain  diminishes  gradually  as  the 
deposit  feathers  out  away  from  the  river.  The  source  of  mate- 
rials and  the  transporting  agent  are  not  difficult  to  apiprehend. 
The  process  of  accumulation  is  going  on  today.  Windis  sweeping 
across  the  broad  flood  plain  gather  up  such  material  as  can  be 
transported  and  move  it  towards  the  restraining  bluffs.  Only  the 
very  finest  materials  are  given  continuous  passage  for  any  con- 
siderable distance,  but  through  successive  short  excursions  the 
coarsest  silt  particles  and  fine  sand  grains  eventually  rMXjh  the 
brow  of  the  bluffs  and  are  deposited  in  the  reverse  order  of  their 
fineness.  The  position  of  these  deposits  is  determined  essentially 
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by  surface  contours.  When  coroesiing  the  valley  the  wind  impinges 
against  the  hill  flanks,  is  deflected  upward  and  coming  in  contact 
with  the  still  air  above,  loses  velocity  and,  being  unable  to  carry  its 
load  further,  deposits  it  over  the  brow  of  the  hill.  In  this  loca- 
tion its  position  is  reasonably  secure,  although  the  entire  assem- 
blage of  deposits  possesses  proclivities  of  the  sand  dune  and  may 
progress  bodily  inland.  This  process  of  wind  transport  and 
accumulation  of  materials  may  readily  be  witnessed  during  early 
spring  and  late  autumn,  when  larga  tracts  of  bottomi  land  are  un- 
protected by  vegetation.  Dust  storms  are  comimlon;  and  often 
during  a  single  storm  a  measureable  deposit  is  aceunmlated.  If 
this  be  true  now,  how  much  greater  must  have  been  the  efficiency 
of  the  winds  which  blew  aerossi  the  wddfe  flood  plains  before 
vegetation  had  time  to  reclaim  the  valleys  so  recently  vacated  by 
the  various  ice  sheets.  The  prevailing  winds  in  Iowa  during 
spring  and  fall  are  f romi  the  west,  and  hence  the  greater  accumu- 
lation of  aeolean  deposits  are  an  the  eaistem  flank  of  the  streams. 
Structurally,  texturally  and  in  composition  and  distribution,  there 
is  a  remarkable  resemiblance  between  these  wind  accumulated 
deposits  and  the  loess.  Both  are  essentially  devoid  of  stratifica- 
tion planes,  possess  similar  compositions  and  textures  and  are 
highly  siliceous,  and  bear  the  same  relationships  to  the  chief  water 
courses  along  which  they  attain  their  maximum  developmient, 
The  windi  depositsi  have  been  used  at  a  number  of  points  for  the 
manufacture  of  comimlon  soft  mud  brick.  These  deposits  with 
alluvium  may  be  counted  on  as  a  source  of  raw  materials  suitable 
for  the  manufacture  of  clay  wares  in  the  Wisconsin  drift  area 
The  supply,  however,  is  somewhat  limited  and  in  this  territory 
the  dteposits  rarely  exceed  more  than  two  or  three  feet  in  thick- 
ness. Outside  of  the  Wisconsin  the  deposits  attain  much  greater 
thicknesses  and  have  been  accumulating,  doubtless,  for  a  much 
longer  time  than  since  the  retreat  of  the  Wisconsin  ice. 
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CHAFTEB  Vin. 
Tests  of  Dry  Press  Building  Brick  Commonly  Used  in  lo^Tira. 

INTRODUCTION. 

The  series  of  tests  described  in  this  paper  was  undertaken 
with  two  aims  in  view.  First,  to  determine  the  relative  quali- 
ties of  the  dry  priess  building  brick  commonly  in  use  in  this 
state,  especially  with  a  view  to  determine  whether  or  not  the 
home  made  brick  were  equal  to  those  imported  from  adjoining 
states;  second,  to  determine  in  the  course  of  the  tests  various 
points  of  scientific  interest  in  connection  with  the  proper  methods 
of  testing  dry  press  building  brick. 

As  regards  the  first  of  the  above  objects  it  may  be  said  that 
in  the  diagrams  accompanying  this  paj^er  the  relative  rank  of 
the  diflPerent  kinds  of  brick  may  be  readily  seen.  On  these  dia- 
grams  the  different  kinds  of  brick  are  indioated  by  letters  for 
the  sake  of  simp|licitj\  The  key  to  the  kinds  is  given  in  the 
following  table: 
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KEY  TO  KINDS  OP  BRICK. 


• 

KIND. 

KIND. 

s 

^ 

A 

Van  Meter  Red . 

a 

Van  Meter  **d"  Red. 

B 

Van  Meter  Buff. 

b 

La  Salle  No.  2  Buff. 

C 

La  Salle  Buff. 

c 

La  Salle  No.  1.  Mottled. 

D 

Carey  ''a"  Red. 

d 

St.  Louis  7  Red. 

E 

Omaha  10  Red. 

e 

Corey  20  red. 

P 

Dale  Goodwin  Buff  "P". 

f 

Corey  ••K"  Buff. 

G 

St.  Louis  100  Red  Granite. 

S 

Corey  16  Red. 

•H 

St.  Louis  500  Mottled  Gray. 

h 

St.  Louis  500  Steel  Gray. 

I 

La  Salle  1  Red . 

• 

1 

La  Salle  No.  2  Mottled. 

J 

Corey  7  and  9  Buff. 

• 

St.  Louis  509  Red  Granite. 

K 

Omaha  555  Buff. 

k 

Omaha  575  Gray. 

L 

Dale  Goodwin  Buff  '*B''. 

1 

Omaha  550  Light  Mottled. 

M 

Gethmann  No.  10  Red. 

m 

St.  Louis  511  Light  Buff. 

N 

Glad  brook  No.  1  Red. 

n 

Omaha  550  Dark  Mottled . 

0 

Gethmann  No.  6  Red. 

0 

Omaha  5  Red. 

P 

Gladbrook  No.  3  Red. 

P 

Gladbrook  No.  6  Red. 

The  capital  letters  refer  to  those  .kinds  in  which  cubes  were 
frozen  and  thawed  40  times,  while  tli»&  small  letters  refer  to 
those  frozen  and  tliawed  20  times. 

In  figure  89  the  bricks  are  ranked  in  the  order  of  their  trans- 
verse strengtli.  While  the  rank  would  vary  with  the  different 
tests  yet  it  will  be  selen  that  brick  A,  the  Van  Mbter  Bed,  ranked 
highest  in  all  of  the  tests'.  This  speaks  well  for  Iowa  brick. 
Brick  B,  the  Van  Meter  Buff,  ranks  next.  This  brick  makes  a 
beautiful  mlaterial  for  building  purposes.  It  lias  been  used 
for  the  construction  of  the  Chimes  Tower  of  the  Iowa  State 
College  at  Ames,  Iowa,  and  in  this  structure  has  stood  the  test 
of  several  years  exposure  to  the  elements.  The  tower  remains 
as  beautiful  as  it  was  wh&n  first  erected  and  stands  as  a  monu- 
ment to  the  good  quality  of  Iowa  pressed  brick. 

Bricks  D,  e  and  g,  Corey  Bed  manufactured  at  Lehigh,  Iowa, 
and  bricks  J  and  f,  the  Corey  Buff  manufactured  at  the  same 
place,  are  also  most  excellent  brick  manufactured  in  Iowa.  To- 
gether with  the  Van  Meter  Buff  the  Corey  Buff  brick  have  been 
used  for  tlie  interior  finish  of  the  walls  of  the  new  Engineering 


^ 
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Hall  at  Ames,  which  by  many  compeftent  persons,  has  been  pro^ 
noun<*ed  the  finest  building  of  its  kind  in  the  country.  The  use 
of  buff,  dry  pressed  brick  for  the  interior  finish  of  chuixjhes  and 
other  public  buildings  is  beccmin'g  deservedly  popular.  It 
makes  a  finish  w^hich,  unlike  plaster,  is  permanent  as  well  as 
pleasing.  If  the  walls  should  become  stained  with  dirt  they 
can  be  cleanied  without  the  necessity  of  putting  on  a  fresh  coat 
of  plaster,  kalsomine  or  paint. 

Bricks  F  and  L,  Dale  Goodwin  Buff,  manufactured  at  Grand 
Junction.,  and  bricks  M,  N,  O,  P  and  p,  all  red  pressed  brick 
nuanufaotured  at  Gladbrook,  lowa^  by  the  Gladbrook  Pressed 
Brick  Company  and  by  Gethmann  Brothers,  are  also  excellent 
dry  presided  brick. 

This  series  of  testsi  has  thoroughly  demonstrated  that  in  qual- 
ity Iowa  dry  pressed-  brick  can  compete  with  any  manufactui'ed 
in  the  country.  Where  the  Iowa  plants  are  lacking  at  present 
is,  first,  in  thieir  facilitiesi  for  mak^njg  brick  in  sufficient  quanti- 
ties so  that  architects  and  contractors  can  rely  upon  their  being 
obtained  without  undue  delay ;  and  second,  inl  their  facilities  for 
supplying  different  architectural  gradies  of  brick.  Both  of  these 
deficiencies  are  of  such  nature  as  to  be  readily  supplied  by  Iowa 
manufactuirers.  The  question  of  quantity  is  one  simply  of  a  plant, 
large  enough  for  carrying  on  the  work.  The  writer  has  had  un- 
fortunate experiences  in  getting  Iowa  dry  pressed  brick  in 
quantities  sufficient  to  enable  the  rapid  carrying  on  of  work  in 
which  he  haS"  srpeoified  their  use.  The  quality  of  the  brick  is 
suich  that  if  well  iadvertised  and  exploited  there  should  be  no 
trouble  in  disposing  of  the  products  of  large  plants. 

The  question  of  different  architectural  gradtes  of  brick  is  one 
for  experimientation  with  different  quajities  of  material  and 
with  the  substances  comtmonly  used  to  produce  the  different 
colors  and  surfaces  needed  for  architectural  appearances.  It 
is  now  possible  to  have  samples  of  clay  sent  to  the  Ceramic  Lab-^ 
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oratory  at  Amies,  and  there  tested  to  determine  what  can  be  at- 
tained along  tbese  lines.  There  is  mo  donbt  that  any  enterpris- 
ing manufacturer  of  goodl  dry  press  brick  could  develop  a  suffi- 
cient number  of  kinds  of  brick  to  meet  all  neoeeedties. 

Incidientally,  by  the  way,  the  query  may  be  propounded,  why 
do  not  the  paanufacturers  of  dry  pressed  brick  in  Iowa  turn 
out  to  the  meetings  of  the  Brick  and  Tile  Association,  and  dis- 
play a  pfublio  interest  in  the  advancement  of  this  industry! 
In  the  procuring  of  the  specimens  for  tbese  tests  more  trouble 
was  experienced  with  one  of  the  Iowa  manufactuiieiisi  than  with 
all  of  the  companies  outside  of  the  state.  It  is  difficult  to  under- 
stand why  this  should  be  so  wh^en  the  tests  were  carried  on 
without  expense  to  the  manufacturers  and  were  planned  mainly 
for  their  benefit. 

It  is  to  the  second  of  the  purposes  for  which  these  experi^ 
mentsi  were  planned  that  this  discussion  will  be  mainly  con- 
fined. To  indicate  what  degree  of  reliability  may  be  givten  to 
the  conclusions  reached,  the  numiber  of  tests  may  be  stated;  in 
all  about  800  transverse  tests  were  madie;  100  crushing  tests; 
128  specific  gravity  determinations;  128  freezing  and  thawing 
testsa  In  all  some  32  grades  of  dry  presB  building  brick  from 
eight  different  companies  were  thoroughly  tested,  and  several 
grades  were  partially  tested.  In  testing  each  grade  of  brick 
twenty  or  more  transverse  tests  were  first  made.  From  the 
ends  of  these  broken  brick  cubes  were  then  prepared  for  the 
crushing,  absorption,  specific  gravity,  and  freezing  and  thaw- 
ing tests. 

The  transverse  tests  were  carried  out  in  the  manner  adopted 
as  standard  by  the  Department  of  Civil  Engineering  of  the 
Iowa  State  College  for  making  such  tests.  E^ife  edges  six 
inches  apart,  rounded  both  ways,  were  used  to  support  tbe 
brick  which  were  placed  on  edge  in  the  machina  An  adjustable 
knife  edge  was  used  at  the  top  to  apply  the  loadl  mid-way  be- 
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tveen  the  sapports.  Steel  bearing  blocks  were  used  between  all 
knife  iedg:e8  and  the  brick  to  keep  the  knife  edges  from  cut- 
ting into  the  brick  and  causing  failure  from  local  injury. 

The  crushing  tests  were  partially  made  on  two-inc^  cubee 
with  two  smooth  surfaces  at  top  and  bottom,  the  bearing  sur- 
faces of  the  testing  machine  being  steel  plates.  Other  teetfi 
from  the  same  bridt  were  made  upon  specimens  of  larger  size, 
each  about  one-third  of  a  brick  placed  flatwise  in  the  machine, 
amd  beddted  above  and  below  with  plaster  of  Paris.  The  ab- 
sorption, specific  gravity,  and  thawing  and  freezing  tests  were 
all  made  upon  four  different  kinds  of  cubes  for  each  grade 
tested.  For  each  grade  two-inoh  and  one-inch  cubes  ground 
truly  to  shape  and  size  were  tested,  and  also  two-inch  and  one- 
inch  cubes  simply  chipped  out  approximately  to  shape  and  size, 
but  with  surfaces  left  rough. 

Compression  Tests.— In  fig.  82,  the  results  of  the  compression 
tests  are  shown,  and  it  will  be  noted  that  the  tests  of  two-inoh 
cubes  with  steel  bearing  plates  showed  considerable  higher  re- 
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suits  than  the  tests  of  speciimens  set  in  plaster  of  Paris.  For 
standard  tests  the  writer  is  of  the  opinion  that  the  specimen]^ 
should  be  ground  to  two-inch  oubes  andl  steel  bearing  surfaces 
ufied. 

Transverse  Tests.— In  fig.  83  four  typical  transverse  tests 
were  platted  in  detail.  The  transverse  tests  for  the  other  grades 
would  show  similar  results.  The  point  brought  out  specially 
in  these  diagrams  is  the  great  lack  of  uniformity  ofi  the  different 
individual  specimens  of  the  brick  tested.  Practical  brick- 
makers  are  thoroughly  aware  that  in  each  kiln  of  brick  they 
make,  all  qualities  of  brick  are  found,  from  those  too  soft  to 
use  for  any  purpose,  to  those  which  are  the  best  that  they  can 
turn  out,  and  still  further  to  those  that  are  so  over-burned  as 
to  be  of  no  value  for  building  purposes.  Engineers  and  archi- 
tects, however,  in  their  specifications  and  in  their  modes  of 
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Fio.  8&    Diagram  showing  reralte  of  tranavene  teste. 


testing,  seem  to  have  overlooked,  or  not  to  have  understood,  this 
fact.  Where  the  lack  of  uniformity  is  so  great  as  is  indicated 
by  these  transverse  tests,  it  is  evidently  useless  to  try  to  rank 
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brick  by  tests  of  only  a  few  from  each  grade,  yet  that  is  what 
is  GomlmoiLly  attempted.  It  is  often  nrged  against  transverse 
tests  that  they  fail  to  give  nnifodm  results,  but  as  the  outoome 
of  having  personally  seen  to  the  oarrying  out  of  thousands  of 
transverse  tesits  the  writer  wishies  emphatically  to  express  his 
opinion  that  the  transverse  tests  tmly  indicate  the  facts  regard- 
ing the  structure  of  the  brick.  They  are  to  be  commended,  in- 
stead of  condemned,  because  they  bring  out  these  facts.  The 
writer  has  carried  on  such' tests  by  the  hundred,  making  comh 
parison  of  the  structure  of  each  brick  with  the  results  of  the 
transverse  tests,  and  he  is  firmly  convinced  of  the  value  of  the 
transvierse  tests  as  indicating  the  quality  of  the  brick.  One  of 
the  most  valuable  characteristics  of  transverse  tests  is  the  fa- 
cility with  which  thfey  are  made.  On  account  of  this  facOity  a 
large  number  can  be  carried-  out  for  each  grade  of  brick  tested!, 
and  thie  average  will  give  results  correspondingly  more  reliable 
than  those  of  a  small  number  of  brick. 

The  other  tests  also  gave  widely  varying  results  when  miade 
upon  different  specimens  of  the  same  grade  of  brick.  This  is 
to  be  caaief ully  borne  in  mind  whenever  an  attempt  is  made  to 
compare  the  ranking  of  different  grades  of  brick  by  the  results 
of  the  different  tests,  and  it  explains  the  most  of  the  discrep- 
ancies which  are  usually  noted. 

Absorption  Tests.^ln  figs.  84  and  85,  the  final  results  of  the 
absorption  tests  for  the  different  grades  of  brick  are  shown.  In 
carrying  out  the  absorption  tests  the  specimens  were  first  dried 
in  an  oven  until  they  showed  no  further  loss  of  weight  from 
evaporation^  and  w^ere  then  completely  immersed  in  water  and 
wieighed  at  intervals.  All  the  specimens  showed  a  rapid  ab- 
sorption of  water  within  the  first  three  or  four  hours,  and  aflier 
the  first  twenty-four  hours  they  showed  a  small,  but  still  quite 
appreciable,  increase  in  absorption.  The  specimens  wene  left 
immersed  about  ten  days,  and  at  the  end  of  the  experiments 
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Fio.  81.    Diagram  showing  reeulto  of  absorption  teats. 


tbey  were  still  absorbing  water,  so  that  the  results  given  cannot 
be  taken  as  the  final  per  cents  which  they  would  take  up.    In 

figs.  84  and  85,  the  results  of  the  different  cubes  are  indicated 
by  the  figures  and  letters.  2"  S  indicates  the  two-inch  smooth 
cube;  2"  K  indicates  the  two-inch  rough  cube,  and  the  one-inch 
smooth  and  the  one-inch  rough  cubes  are  indicated  in  similar 
ways.  A  careful  study  of  the  diagrams  will  show  that  there  is 
no  very  great  difference  in  the  results  with  the  different  speci- 
mens. On  the  whole,  however,  the  smaller  cubes  give  sliglitly 
greater  per  cents  than  the  larger  cubes. 

Freezing  and  Thawitig  Tests.— In  figs.  86  and  87,  the  results 
of  the  freezing  and  thawing  tests  are  indicated  in  a  similar 
manner.  These  freezing  and  thawing  tests  were  made  upon  the 
specimens  saturated  for  the  absorption  tests.  These  were  put 
into  a  freezing  box,  in  which  a  temperature  of  from  zero  to  six 
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Fio.  81.    Dimgnm.  ahowiiig  per  cent  of  absorption  of  brick  imed. 
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degrees  above  sdero  F.  was  maantainedi  by  a  mlixtore  of  salt  and 
ice.  During  the  first  tweaty  freezings  and  thawings  the  speci- 
mens were  first  frozen  forty-eigbt  hours,  and  them  thawed  by 
immersing  in  water  for  twenty-four  hoars.  After  the  first 
twenty  tests,  the  time  of  freeesing  was  reduced  to  twenty-four 
hours,  as  the  temperaturte  records  indicated  that  the  cubes  were 
completely  frozen  in  that  time.  The  writer  advocates  the 
twenty-four  hour  period  as  standard^  for  such  tests.  The  re- 
sults of  the  tests  show  clearly  that  the  rongh  cubes  give  greater 
losses  than  the  smooth  cubes,  and.  that  the  small  cubes  give 


Fio.  8T.    DIagimm  ihowing  oomijarAtlTe  lom  on  a  varying  nnmbe* 

of  freeslngB. 

greater  losses  than  the  large  cubes.  The  writer  advocates  as 
standard  for  freiezing  and  thawing  tests  one-inch  smooth  cubes'. 
The  rough  cubes  would  give  higher  losses,  but  the  smooth  sur- 
face of  the  one-inch  cubes  enables  the  disintegration  to  be  seen 
more  clearly  by  the  naked  eye  or  under  the  microscope  than  is 
possible  with  the  rough  cubes. 
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In  plate  XXXVIII  some  photographs  of  the  smooth  cubes  Bvh^ 
jeoted  to  the  freeziiig  and  thawiiig  tests  are  giveiu  The  four  ctabes 
at  the  top  of  the  figure  represent  tests  of  some  common  J  y  used 
building  stones,  and  are  shown  here  for  comparative  purposes. 
These  were  two-inch  cubes  and  were  frozen  and  thawed  twenty 
times.  It  will  be  seen  that  the  effects  were  Very  marked.  In 
other  tests  of  commonly  used  building  stones  sonxe  cubes  show 
very  little  effect,  while  in  one  case  a  cube  of  Joliet  stone  was 
entirely  destroyed.  Buff  Bedford  stone  showed  about  the  same 
effect  as  the  cube  of  Berea  sandstone.  Blue  Bedford  stone  was  ap- 
parently imaffeoted,  as  were  also  sonDe  cubes  of  Anaraosa  stone 
and  the  best  grades  of  LeGrand  stone.  The  four  two^inch  cubes 
shown  immediately  below  the  four  cubes  of  building  stone  rep- 
resent freezing  and  tiiawing  tests  made  forty  times  upon  spec- 
imens of  the  dry  press  brick.  It  will  be  seien  that  double  the 
number  of  exposui^es  produced  miuch  less  effect  than  in  the  tests  of 
the  building  stone,  and,  in  general,  it  may  be  said  that  the  tests  on 
the  best  grades  of  diy  press  brick  compare  very  favorably  in- 
deed with  the  tests  of  our  best  building  stones.  In  the  lower 
part  of  plate  XXXVIII  are  shown  the  results  of  twenty  freezing 
and  thawing  tests  of  six  one-inchi  cubes  of  dry  press  brick.  The 
cubes  shown  in  plate  XXXVIII  ruay  be  taken  as  representative  of 
the  results  of  the  tests  of  the  dn^  press  brick. 

In!  the  climate  of  Iowa  the  freezing  and  thawing  test  is  thie 
only  direct  one  which  can  be  applied  to  building  brick,  to  dupli- 
cate the  conditions  under  which  thev  fail  in  actual  use.  A  dose 
observer  will  readily  find  iruany  instances  in  any  Iowa  town  in 
which  the  ordinarj^  building  brick  showl  serious  evidendes  of 
disintegration  from  freezing  and  thawing.  These  effects  are 
especially  to  be  looked  for  near  the  ground!  and  directly  under 
thie  coping.  The  only  objection  to  the  freezing  and  thawing 
test  for  building  brick  is  the  great  expense  and  large  amount  of 
time  required  to  carry  it  out.  To  freeze  and  thaw  brick  forty 
times  in  the  manner  followed  in  these  tests  would  require  eighty 
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days  of  continuous  test,  and  unless  a  large  numiber  could  be 
carried  through  at  a  time  the  expense  per  test  "vv^ld  be  gneat. 

Since  these  tests  were  oompletedy  however,  as  a  result  of  fur- 
ther experimenting  it  has  heefxx  found  possible  to  redhice  tiie  time 
required  by  one-half,  by  freezing'  one-inch  cubes  twenty  hours 
each  day  and  thawing  them  four  hours  in  hot  water.  This 
method  is  now  adopted  as  standard  in  the  writer's  laboratory. 
The  use  of  one-inch  cubes  enables  a  very  largie  number  of  spec- 
imens to  be  treated  at  one  time  and'  the  result  is  to  greatly 
cheapen  aud  simiplify  the  freiesdng  and  thawing*  test. 

The  transverse  test  of  brick  is  the  one  most  readily  and 
cheaply  madie,  and  as  it  detects  all  hidden  flaws  and  enables  a 
close  study  to  be  made  of  the  internal  structure  of  the  brick,  it 
is  of  great  value,  although  to  be  considered  simply  as  an  indi- 
rect test  Close  observation  in  carrying  out  Such  tests  has 
shown  the  writer  that  the  finer  grained,  more  uniform  and  dense 
the  structune  of  the  brick,  the  higher  will  be  the  transverse 
strength;  and  also,  the  better  burned  the  bri<^  is  the  greater 
will  be  its  transverse  strength.  We  may  hence  consider  it  to  be 
a  fair  measure  of  the  quality  of  the  brick  for  ordinary  purposes, 
and  it  is  of  especial  value  because  it  can  readily  be  madle  on  a 
large  number  of  specimens.  To  indicate  how  well  the  results 
of  transverse  tests  conform  to  the  results  of  freezing  and  thaw- 
ing tests,  fig.  88  is  given.  In  this  figure  the  brick  tested  have 
been  grouped  in  the  order  of!  their  rank,  as  shown  by  the  trans- 
verse tests,  and  the  results  of  the  freezing  and  thawing  tests 
are  platted  on  the  same  diagram.  It  will  be  seen  that  there  is 
a  general  agreement  between  the  tests,  although  there  are  wide 
variations  from)  the  general  rule.  These  variations  aire  largely 
to  be  explained,  the  writer  thinks,  by  the  fact  that  the  freezing 
and  thawing  tests  were  made  on  a  very  small  number  of 
brick  from  each  grade,  sometimes  not  more  than  two,  while  the 
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transrerse  tests  give  the  average  in  each  case  of  more  than 
twenty  briok.  The  reeiUts  of  the  freezing  and  thawing  tests  also 
are  to  be  taken  as  oomparative  rather  than  absolute,  because  in 
the  work  of  the  testing  some  brine  came  in  oomtaet  with  the 
brick,  and  it  is  certain  that  not  quite  all  of  the  salt  absorbed 
was  gotten  rid  of  before  the  weighings.  This  fact  will  explain 
some  apparent  discreponciee  in  figs.  86  and  87. 

"Ms! 


OOKPAEUSON  or  THB  AB07E  TBSTB. 

To  enable  the  eomjparison  to  be  made  between  the  results  of 
all  the  different  tiests  made  on  these  brick,  fig.  89  has  been  con- 
structed. In  this  figure  also  tlie  brick  are  ranked  according  to 
the  results  of  the  transverse  tests,  as  all  the  other  tests  were 
made  on  a  comparatively  small  number  of  s])eeii7)ens.  It  will 
be  seen  that  there  is  a  general  agreement  between  the  results 
of  the  different  tests,  with  many  discrepancies,  however.  These 
discrepancies  are  largely  to  be  explained  from  the  great  lack 
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days  of  continuous  test,  and  unless  a  large  nxumber  could  be 
carried  through  at  a  time  the  expense  per  test  ^w^ould  be  gneat. 

Since  these  teste  were  completed^  however,  as  a  result  of  fur- 
ther experimenting  it  has  heefxx  found  possible  to  redhice  the  time 
required  by  one-half,  by  freezing'  one^inch  cubes  twenty  hours 
each  day  and  thawing  them  four  hours  in  hot  water.  This 
method  is  now  adopted  as  standard  in  the  writer's  laboratory. 
The  use  of  one-inch  cubes  enables  a  very  largie  number  of  spec- 
imens to  be  treated  at  one  time  and'  the  result  is  to  greatly 
cheapen  and  simjplify  the  freiesung  and  thawing  test. 

The  transverse  test  of  brick  is  the  one  most  readily  and 
cheaply  made,  and  as  it  detects  all  hidden  flaws  and  enables  a 
close  study  to  be  made  of  the  internal  structure  of  the  brick,  it 
is  of  great  value,  although  to  be  considered  simply  as  an  indi- 
rect test  Close  observation  in  carrying  out  Such  tests  has 
shown  the  writer  that  the  finer  grained,  more  uniform  and  dense 
the  structune  of  the  brick,  the  higher  will  be  the  transverse 
strength;  and  also,  the  better  burned  the  bri<^  is  the  greater 
will  be  its  transverse  strength.  We  may  hence  consider  it  to  be 
a  fair  measure  of  the  quality  of  the  brick  for  ordinary  purposes, 
and  it  is  of  especial  value  because  it  can  readily  be  madle  on  a 
large  nmnber  of  specimens.  To  indicate  how  well  the  results 
of  transverse  tests  conform  to  the  results  of  freezing  and  thaw- 
ing tests,  fig.  88  is  given.  In  this  figure  the  brick  tested  have 
been  grouped  in  the  order  ofl  their  raoik,  as  shown  by  the  trans- 
verse tests,  and  the  remits  of  the  freezing  and  thawing  tests 
are  platted  on  the  same  diagram-.  It  will  be  seen  that  there  is 
a  general  agreement  between  the  tests,  although  there  are  wide 
variations  from)  the  general  rule.  These  variations  aire  largely 
to  be  explained,  the  writer  thinks,  by  the  fact  that  the  freezing 
and  thawing  tests  were  made  on  a  very  small  number  of 
brick  from  each  grade,  sometimes  not  more  than  two,  while  the 
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transveree  testa  givie  tha  avera^  in  each  case  of  more  than 
twenty  briot.  The  resnits  of  the  f  reeaing  and  thawing  testa  also 
axe  to  be  taken  aa  comparative  rather  than  abeolute,  because  in 
the  work  of  the  testing  some  brine  came  in  contact  with  the 
brick,  and  it  is  certain  that  not  quite  all  of  the  ealt  absorbed 
was  gotten  rid  of  before  the  weighings.  This  fact  will  explain 
some  apparent  discrepSrnciee  in  figs.  86  and  87. 

1 1 


CX>lCPABIBON  or  THB  1.B07I  TB9T& 

To  enable  the  comparison  to  be  made  between  the  results  of 
all  the  different  tiests  made  on  these  brieli,  fig.  89  has  been  com- 
struoted.  In  this  figure  also  the  brick  are  ranked  according  to 
the  restUts  of  tbe  transverse  tests,  as  all  the  other  tests  were 
made  on  a  comparatively  small  number  of  specimens.  It  will 
be  seen  that  there  is  a  general  agreement  between  the  results 
of  the  different  tests,  with  many  discrepancies,  however.  These 
discrepancies  are  largely  to  be  explained  from  the  great  lack 
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days  of  continuous  test,  and  unless  a  large  number  could  be 
carried  through  at  a  time  the  expense  per  test  ^vv^ould  be  gneat. 

Since  these  tesits  were  completed,  hoiwever,  as  a  result  of  fur- 
thier  experimenting  it  has  been  found  possible  to  redhice  tiie  time 
required  by  one-half,  by  freezing-  one-inch  cubes  twenty  hours 
each  day  and  thawing  them  four  hours  in  hot  water.  This 
method  is  now  adopted  as  standard  in  the  writer's  laboratory. 
The  use  of  one-inch  cubes  enables  a  very  lai^  number  of  spec- 
imens to  be  treated  a.t  one  time  and*  the  result  is  to  greatly 
cheapen  aud  simplify  the  freiesdng  and  thawing  test 

The  transverse  test  of  brick  is  the  one  most  readily  and 
cheaply  madle,  and  as  it  detects  all  hidden  flaws  aud  enables  a 
close  study  to  be  madfe  of  the  internal  structure  of  the  brick,  it 
is  of  great  value,  although  to  be  considered  simply  as  an  indi- 
rect test  Close  observation  in  carrying  out  Such  tests  has 
shown  the  writer  that  the  finer  grained,  more  uniform  and  dense 
the  structune  of  the  brick,  the  higher  will  be  the  transverse 
strength;  and  also,  the  better  burned  the  bri<^  is  the  greater 
will  be  its  transverse  strength.  iWe  may  hence  consider  it  to  be 
a  fair  measrure  of  the  quality  of  the  brick  for  ordinary  purposes, 
and  it  is  of  especial  value  because  it  can  readily  be  madle  on  a 
large  number  of  specimens.  To  indicate  how  well  the  results 
of  transverse  tests  conform  to  the  results  of  freezing  and  thaw- 
ing tests,  fig.  88  is  given.  In  this  figure  the  brick  tested  have 
been  grouped  in  the  order  of!  their  rank,  as  e)howii  by  the  trans- 
verse tests,  and  the  remits  of  the  freezing  and  thawing  tests 
are  platted  on  the  same  diagram.  It  will  be  seen  that  there  is 
a  general  agreement  between  the  tests,  although  there  are  wide 
variations  from)  the  general  rule.  These  variations  aire  largely 
to  be  explained,  the  writer  thinks,  by  the  fact  that  the  freezing 
and  thawing  tests  were  made  on  a  very  small  number  of 
brick  from  each  grade,  sometimes  not  more  than  two,  while  the 
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transveree  tests  givie  tha  average  in  each  case  of  more  than 
twenty  hridk.  Tha  results  of  the  freeing  and  thawii^  tests  also 
are  to  be  taken  as  comparative  rather  than  absolute,  because  in 
the  work  of  the  testing  some  brine  came  in  contact  with  the 
brick,  and  it  is  certain  that  not  quite  all  of  the  salt  absorbed 
was  gotten  rid  of  before  the  weighings.  This  fact  will  explain 
some  apparent  discrepanciee  in  figs.  86  and  87. 

i 
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OOMPABISOtl  OF  THB  AB07B  TB8T8. 

To  enable  the  comparison  to  be  nrnd'e  between  the  results  of 
all  the  different  tests  made  on  these  briek,  fig.  89  has  been  con- 
structed. In  this  figure  also  the  briek  are  ranked  according  to 
the  results  of  the  transverse  tests,  as  all  the  other  tests  were 
made  on  a  oomparatively  small  number  of  specimens.  It  will 
be  seen  that  there  is  a  general  a^eement  between  the  results 
of  the  different  teste,  with  many  discrepancies,  however.  These 
discrepancies  are  largely  to  be  explained  from  the  great  lack 
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of  uniformify  which,  as  has  already  been  shown,  exists  between 
different  individual  spefflraena  of  the  same  grade  of  brick,  and 
from  the  fact  that  in  all  but  the  transverse  tests  only  a  small 
Qumber  of  specimeDS  wMe  testetJ.  The  general  agreement  of 
the  different  teats  is  most  readily  seen  by  comparing  the  best 
grade  with  the  poorest.    In  this  caae  the  same  grade  of  brick 
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Fia,  8S.    Diagram  showing  comparatlTe  reealts  of  the  dJAereot  tesu. 

which  gave  the  liighest  transverse  strength  had  also  the  high- 
est crushing  strength,  the  lowest  per  cent  of  absorption,  the 
smallest  loss  from  freezing  and  thawing,  and  the  highest  spe- 
cific gravity;  while  the  brick  which  showed  the  lowest  trans- 
verse stnength  was  poorest  in  all  the  other  tests  which  were 
made  upon  it    This  poorest  brick  was  one  too  soft  to  rank  as 
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anything  but  an  ordinairy  building  brick,  and  waa  sent  by  spe- 
cial request  made  to  the  makers.  It  would'  probably  be  a  better 
brick,  however,  than  most  of  the  ordinary  sand  brick  used  for 
building  purposes  in  Iowa. 

SUMMARY  OP  TESTS. 

It  would  s^eem  advisable  to  recapitulate  the  principal  condu- 
bions  brought  out  by  the  discussion  of  this  series  of  tests,  as 
follows : 

First.  The  best  brick  tested-  was  an  Iowa  brick,  amd  there  ap- 
pears to  be  no  reason  why  the  very  best  quality  of  dry  press 
brick  should  not  be  made  in  Iowa. 

Second'.  Thtere  is  a  great  lack  of  uniformity  in  different  brick 
from  the  same  grade  and  the  same  kiln,  and  a  large  number  of 
tests  should  be  made  to  secure  reliable  deductions  as  to  the  rel- 
ative rank  of  different  grades)  of  brick.  The  writer  may  add  in 
this  connection  that  in  his  opinion  the  making  and  interpreta- 
tion of  such  tests  should  be  intrusted!  only  to  experts  who  are 
perfectly  familiar  with  the  actual  processes  of  the  manufacture 
of  brick. 

Third.  Crushing  tests  should  be  made  upon  two-inch  cubes, 
with  steel  bearing  plates. 

Fourth.  The  size  and  character  of  the  emrface  of  the  speci- 
men nmke  little  difference  in  the  results  of  absorption  tests 
within  the  range  of  ome-inch  to  two-inch  cubes.  Ten  days 
immersion  does  not  give  complete  saturation. 

Fifth.  One-inch  smiooth  cubes  should  be  adopted  as  standard 
for  absorption  audi  for  freezing  and  thawing  tests.  These  cubes, 
should  first  be  immersed  in  water  and  weighed,  first  at  very 
short  intervals,  and.  then  at  longer  intervals^  until  they  arte 
practically  saturated.  They  should  then  be  placed  in  a  freez- 
ing box,  in  which  the  temperature  should  be  0  to  6^  F.  oon- 
stantiy  maintained.    This  temperatuine  can  readily  be  attained 
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by  the  use  of  salt  and  ioe.  The  cubes  should  be  frozen  twenty 
hours  leaoh  day  and  thawed  four  houre  in  hot  water  having  a 
temperature  of  about  150°  F. 

Sixth.  The  transverse  test  is  one  of  the  mloet  valuable  tests 
which  can  be  naade  on  brick.  In  carrying  it  out  the  brick  should 
be  placed  on  edge  on  Imif e  edlg»es  six  inches  ai>art,  rounded  both 
ways,  as  for  standard  tests  of  paving  brick.  The  pressure 
should  be  applied  by  a  knife  edge  adjustable  or  rounded  both 
ways,  the  steel  bearingi  plates  should  be  used  between  all  knife 
edges  and  the  surfaces  of  the  brick.  The  brick  should  not  be 
grotand  or  prepared  in  any  way  for  the  transverse  test  Careful 
study  should  be  made  of  the  internal  structure  of  each  brick  in 
comparison  with  the  results  of  the  test  upon  it. 

In  conclusion  the  writer  desires  to  say  that  the  greater  part 
of  this  series  of  tests  was  made  by  Messrs.  George  A.  Smith, 
B.  C.  E.,  and  F.  I.  Nichols,  B.  C.  E.,  graduates  of  the  Depart- 
ment of  Civil  Engineering  of  the  Iowa  State  College,  as  thesis 
work.  It  is  their  earnest  and  painstaking  -work  which  has 
enabled  the  tests  to  be  made. 


Tests  of  Iowa  Common  Brick. 

INTRODUCTION. 

The  following  tests  of  common  brick  were  carried  out  by  the 
civil  engineering  department  of  the  Iowa  State  college  during 
the  year  1902.  The  tests  were  undertaken  as  thesis  work  by 
liljessrs.  J.  F.  McBimey  and  J.  E.  Stewart,  two  senior  students, 
who  did  most  of  the  testing  and  calculating,  and  platted  many 
of  the  curves.  The  writer  desires  to  call  especial  attention  to 
their  painstaking  work,  and  to  say  that  without  such  invaluable 
assistance  from)  students,  given  without  remuneration  in  money, 
the  investigations  of  Iowa  brick  heretofore  reported  by  him*,  as 
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well  as  those  now  to  be  discussed;  could  not  have  been  under- 
taken. ] 

Previous  tests  of  Iowa  brick  have  been  niadfe  of  pavere  and  of 
dry  press  brick.  The  following  tests  are  the  first  in  which  many 
dg-ta  of  the  properties  of  common:  brick  in  this  state  have  been 
ascertained.  The  greater  part  of  the  brick  manufactured  in  the 
state  are  common  brick  and  there  is  room  for  great  improvement 
in  the  methods  of  manufacture.  It  should  be  understood  bv 
mianufacturers  and  users  of  such  brick  that  the  testing  of  the 
product  is  ome  of  the  best  means  to  bring  about  these  improve- 
ments. 


MANNER  OP  TESTING. 

The  brick  were  tested  in  four  ways:  viz.,  for  transverse 
strength,  crushing  strength,  percentage  of  absorption,  and  resist- 
ance to  freezing  and  thawing.  The  transverse  tests  were  made 
upon  brick  placed  flatwise,  on  knife  edges  six  inches  apart,  the 
knife  edges  being  rounded  both  ways .  Steel  bearingblocks  3-4"  x 
8-4" ,  a  little  less  in  length  than  the  width  of  the  brick,  and  with 
rounded  edges,  were  placed  between  the  knife  edges  and  the 
brick.  The  crushing  tests  were  made  between  adjustable  steel 
plates,  on  two-inch  cubes,  ground  out  by  an  emery  wheel.  The 
absorption  tests  were  miadle  on  one^inch  cubes,  immersed  in 
water  and  weighed  at  intervals  up  to  two  or  more  weeks,  but 
the  brick  are  compared  on  the  basis  of  forty-eight  hours  immer- 
sion. On  the  completion  of  the  absorption  tests  the  freezing 
tests  were  made  by  placing  the  saturated  one-inch  cubes  in  a 
freezing  box  where  they  were  subjected  to  a  minimum  tempera- 
ture of  about  one  or  two  degrees  above  zero  Fahrenheit,  for 
twe^ty-four  hours;  then  thawed  in  water  twenty-four  hours, 
then  re-frozen  twenty-four  hours,  etc.,  until  the  cubes  were  de- 
molished. 
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Twenty-five  bricks  of  each  kind  were  broken  in  the  transverse 
test  From  the  broken  ends  of  ten  of  these  the  oabes  were  pre- 
pared for  the  other  tests.  Another  set  of  transverse  tests  with 
the  brick  placed  on  edg)e  was  also  madle.  In  all  six  hundred  and 
twenty-six  transv^erse  tests  and  one  hundred  and  thirty  each  of 
crashing,  absorption  and  freezing  tests  were  made. 

BBIOf  TK8TBD. 

The  brick  tested  were  the  product  of  seven  different  Iowa 
brick  plants:  viz.,  L.  C.  Besley,  Council  Bltiffs;  The  Webster 
Cfity  Brick  and  Kle  Company;  The  Dale  Brick  Company,  Des 
Moines ;  the  Goodwin  Tile  and  Brick  Company,  of  Grand  Junc- 
tion; the  Mason  City  Brick  and  Tile  Company,  of  Mason  City; 
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the  Kelly  Brick  and  Tile  Company,  and  the  yard  formerly  op- 
erated' by  Mr.  Oamerom  just  wiest  of  the  college.  The  following 
brief  description  of  the  days  and  the  processes  of  manufacture 
used  in  these  different  establishments  has  been  prepared  by 
Prof.  S.  W.  Beyer. 
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Besley  Brick.— A\\  brick  in  and  about  Council  Bluffs  are 
made  from  loess  clays  or  modified  loess  in  the  form  of  wash 
from  the  adjoining,  bluffs.  Mechanical  analyses  show  that  fine 
sand  and  silt  predominate  with  a  lessfer  quantity  of  clay  sub- 
stance. Practically  the  entire  mass  will  pass  through  a  100- 
mesh  sievie.  A  small  percentage  oi  lime  is  usually  present  in 
a  finely  divided  state  and  occasionally  in  the  form  of  concre- 
tions and  molluscan  shells.  Other  deleterious  elements  are 
rarely  present.  ' 
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Fio.  01.    TraoBverse  tests,  Webster  Oity  briok. 


Webster  City  Brick. — Averages  about  one  part  shale  obtained 
from'  the  Des  M|oines  stage  of  tlie  Coal  Measures  to  two  parts 
surface  wash  and  alluviumi.  The  shale  is  variable  in  color^ 
fissile  and  fairly  plastic.  The  surface  material  contains  a  high 
percentage  of  fine  sand  and  silt  with  but  little  clay  substance^ 
and  some  lime  in  a  finely  divided  sta.t&. 
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Dale  Brick  (Des  Modnes).— The  raw  material  is  ordinary  al- 
luvium mixed  with  wash  and  loesa  Sand  and  silt  constitute 
the  larger  portion  with  a  smaller  balance  of  clay  substance.  No 
deleterious  elements  are  present. 
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Fio.  02.    TrantYsne  tests,  Des  Moines  brick. 


Grand  Junction  Brick.— The  raw  material  consists  of  a  mix- 
ture of  shale  and  fire  clay  and  belongs  to  the  Des  Moines  stage 
of  the  Coal  Measures.  The  shale  is  slightly  pyritic  and  .moder- 
ately fissile  and  works  into  a  plastic  mass.  The  fire  clay  is 
plastic  and  nourfissile  and  more  or  less  leached  of  the  fluxes. 
The  green  brick  is  a  heterogeneous  mixture  of  the  two. 

Mason  City  Brick.— The  material  used  is  a  shale  clay  belong- 
ing to  the  Lime  Crteek  stage  of  the  Devonian.  The  unaltered 
clay  is  blue-gray  in  color,  exceedingly  fine-grained,  highly  plas- 
tic, and  but  imperfectly  jointed,  and  slightly  fissile.  The  irreg- 
ular joints  often  contain  gypsum  cleavage  flakes  and  crystals. 
Iron  pyrite  grains  irregularly  distributed  and  with  the  gypsum 
form  the  only  grit  which  can  be  detected  throughout  the  beds. 
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The  upper  portion  of  the  clay  beds  are  somewhat  iron-stained 
to  varying  shades  of  yellow  and  brown,  the  stains  following  the 
jointings  down  to  a  eonsidierable  depth.  Lime  in  a  finely  di- 
vided state  is  present  throughout  the  deposit. 

Ames  and  Kelly  Brick. — ^The  material  is  practically  the  same 
and  belongs  to  the  loess.    The  beds  used  in  each  case  have  been 
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Fio.  96.    Transyerse  tests,  Mason  Citj  briok. 


covered  by  the  Wisconsin  drift  which  necessitates  considerable 
stripping.  The  loess  clay  at  these  places  contains  less  fine  sand 
and  silt  and  miore  clay  than  does  the  Missouri  river  loess.  It 
also  contains  more  lime,  both  disseminated  and  in  the  form  of 
concretions,  and  occasionally  contains  iron  pyrite.  Here,  as  is 
usual  with  loess  deposits,  the  beds  run  sandier  below  and  as  in  all 
loess  clays  the  green  ware  is  very  tender  and  requires  careful 
handling. 
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STRUCTURE  OF  BRICK  TESTED. 

Regarding  the  structure  of  the  brick  it  may  be  said  that  the 
Council  Bluffs  brick  weiie  soft  mud,  machine  mjade  brick  and 
were  very  fine-grained  and  homiogeneous  in  texture,  and  free 
from  laminations,  the  only  noteworthy  irregularity  hieing  the 
poor  structure  of  the  under  side  of  Ihe  brick  in  the  molds  of  the 
soft  mud  machine.  Two  grades  were  shipped  by  Mr.  Besley 
for  the  tests,  one  grade  consisting  of  very  hard  burned  brick, 
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Fig.  94.    Absorptiq^  tests,  Oouncil  Blnffii  briok. 


good  enough  for  pavers,  while  the  other  grade  was  composed 
of  soft,  under  burned  brick. 

Only  one  grade  of  Webster  City  brick  was  tested  and  this 
consisted  of  heavy  and  uniformly  wiell  burned,  stiff  mtad,  side 
cut,  brick.  The  interior  structure  showted  a  mixture  of  materials, 
which  gave  a  rather  loose  appearing  texture,  but  the  mixture 
WBfli  quite  uniform,  the  color  indicated  thorough  burning,  and 
the  weight  indicated  that  the  porosity  could  not  be  great  and 
the  brick  were  hard. 
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The  Dale  brick  from  Des  Moines  were  selected  as  fairly  rep- 
resentative of  several  ears  shipped  for  the  backing  of  the  walls 
of  the  new  Engineering  Hall  of  tho  Iowa  State  College.  All  wiere 
stiff  mud.  side  cut  brick.    Those  hereinafter 'designated  "com- 
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mion''  were  quite  well  burned,  and  of  a  uniformly  red  color, 
and  of  fairly  uniform,  structure,  althoogb  not  so  heavy  and  hard 
as  the  Webster  City  brick.  Thosie  Dale  brick  hereinafter  desig- 
nated *  *  soft,  ^  ^  were  like  the  others  except  for  being  under  burned, 
audi  in  fact  too  soft  for  any  use  except  the  interior  filling  of 
walls. 

The  Grand  Junction  brick  were  also  selected  aa  fairly  repre- 
sentative of  some  shipments  for  the  backing  of  the  walls  of  the 
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Engineering  Hall,  and  were  also  stiff  mud,  side  cut  brick.  They 
were  small  but  heavy  for  their  size,  and  were  made  of  a  clay 
which  bums  to  a  light  color,  so  that  the  lighter  colored  brick 
are  the  harder.  The  color  in  broken  sections  was  quite  irr^- 
ular,  some  specimens,  for  example,  showing  a  light  colored  ex- 
ternal layer,  then]  a  reddish  layer,  and  then  a  dark  colored,  blue 
or  dtab  core.  The  color  varied  greatly  with  the  different  brick, 
however.  The  brick  were  small  but  heavy  for  their  size,  and 
quite  hard.     They  showed  some  lamination.    Two  sets  of  tests 
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were  made  of  these  brick.    The  specimens  of  th»e  two  sets  were 

not  widely   different   in   character,  though   probably   the   set 

marked  light  colored  were  on  the  average  a  little  better  burned. 

The  Mason  City  brick  were  stiff  mud,  side  cut  brick,  hardy 
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strong,  heavy  and  moderately  well  burned.  It  was  intended  to 
test  two  grades,  but  when  the  brick  arrived  no  very  great  di£fer- 
ence  could  be  detected,  and  the  two  sets  of  tests  were  on  about 
the  same  grade  of  brick.    These  brick  have  a   rathier   peculiar 


m  Pfieezino* 
Fio.  101.    OomprvhensiTO  diagram  of  results  of  tests  on  Coandl  Blnifs  brick. 
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Fio.  108.    Results  of  teste,  Webster  City  brick. 


structure.  The  material  is  evidently  hard,  strong,  and  durable, 
hut  the  interior  of  the  brick  is  badily  laminated  or  fissured,  up 
to  within  a  short  distance  of  those  sides  and  ends  which  bear 
against  the  die  in  the  machine.  All  surfaces  of  the  brick  which 
wo^ild  be  ex}X)sed  in  a  wall,  therefore,  have  an  external  layer  of 
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Fio.  103.    Freezing  teetv,  Goodwin  briok. 
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Fto.  104.    Comprehenclye diagram,  GrandJunction brick. 

extra  good  material.  The  brick  were  fine-grained  and  fairly 
homlogeneous.  The  oommon  quite  frequently  contained  nodules  of 
caustic  limie,  and  the  soft  also  oontainied  a  few  such  nodules^ 
but  not  so  many  as  the  common. 


in  rRBaxincs 
Fig.  106.    Comprehensive  diagram.  Mason  City  brick. 


RESULTS   OF  TRANSVERSE   TESTS.  587 

The  Ames  bricsk  ^w^ere  tested  as  representative  of  the  old 
fashioned  hand  made,  soft  mud  brick.  The  brick  for  the  two 
sets  of  tests  of  Ames  brick  were  selected  from'  a  pile  delivered 
at  a  house  near  the  college,  as  the  yard  is  no  longer  ojyerated. 
They  probably  represent  about  the  best  brick  to  be  found  in 
laige  percentage  in  the  output  of  the  yard. 

RESULTS  Of  ^mUllWSBBB  TJTfl 

In  figs.  90  to  93,  inclusive,  the  results  of  the  transverse  tests  are 
givien.  It  should  be  clearly  understood  that  in  these  diagramis, 
a«  well  as  in  all  which  are  to  follow,  it  is  the  *  ^  modulus  of  rup- 
ture,^' i.  e.,  the  tensile  stress,  in  the  outer  fibre  at  breaking, 
which  is  shown,  so  that  the  size  of  the  brick  cute  noi  figure.  The 
point  of  maim  interest  in  connection  with  figs.  93-93  is  the  com- 
parison of  the  tensile  strength  of  the  brick  when  tested,  first 
flatwise,  as  laid  in  a  wall,  and  second,  edlgewise  as  laid  in  a 
pavemeni  The  diagrams  show  no  very  material  difference  ex- 
cept in  two  instances,  the  Mason  City  common  brick,  and  the 
Coimcil  Bluffs  pavers.  In  the  first  of  these  exceptions  the 
stren^h  j)er  square  inch  edgewise  was  the  greater,  while  in  the 
second  case  the  strength  per  square  ijich  flatwise  was  the  greater. 

In  the  case  of  the  Mason  City  brick  it  is  easy  to  see  why  the 
edgewiae  position  should  give  the  higher  resulte,  for  in  this 
the  sound,  extra  good;  layers  where  the  brick  pressed  against  the 
die  of  the  brick  machine  are  put  where  they  will  do  the  most 
good,  or  farthest  from  the  neutral  axis.  It  will  be  remembered 
that  the  interior  of  these  brick  is  badly  fissured. 

The  Council  Bluffs  pavers  were  very  hard  burned,  soft  mud 
brick,  and  the  defective  side,  the  under  side  in  the  molds  of 
the  brick  machine,  was  placed  on  top  in  the  flatwise  tests,  where 
it  would)  be  in  compression,  and  where  the  defecte  would  have 
the  least  effect.  The  only  diflBculty  in  accepting  this  explanation 
for  the  flatwise   modulus  of  rupture  being  the  greater  in  this 
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Fio.  109.    Comprehensive  diagram,  Council  Bluffs  brick. 

case  is  that  we  do  not  find  the  rule  to  hold  true  in  tiie  ease  of 
the  soft  Council  Bluffs  brick,  nor  in  the  case  of  tlie  Amesi  hand 
made  brick.  Possibly  the  very  hard  burning!  of  the  Council 
Bluffs  pavers  made  the  defects,  as  would  be  the  case  with  glass, 
very  much  more  important  as  affecting  the  tensile  strength. 
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Fig.  lOT.    Comprehensive  diagram,  Webster  City  brick. 
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From  the  results  of  these  tests  we  may  conclude  that  in  trans- 
verse tests  of  comttnon  brick  sometimes  the  edgewise  audi  some- 
times the  flatwise  position  gives  the  greater  modulus  of  rupture, 
depending  on  the  structure  of  the  brick,  and  that  usually  there 
is  no  very  material  difference. 

In  the  diagrams  which  follow!  the  modulus  of  rupture  is  from* 
the  flatwise  tests. 

RESULTS  OF  ABSORPnON  TESTS. 

In  figs.  94  to  100,  inclusive,  the  detailed'  results  of  the  absorp- 
tion tests  are  given.  From  these  it  is  seen  that  when  an  inch  cube 
of  brick  is  immersed  in  water  the  absoptioni  is  at  first  very  rapid. 
Within  thirty  minutes  a  large  proportion  of  the  total  water 
eventually  absorbed  by  the  brick  has  been  taken  up.  After  this 
the  rate  of  absorption  proceeds  at  a  continually  diminishing  rate 
until  a  period  of  from  four  or  five  up  to  thirty  hours  after  the 
first  immersion.  After  these  initial  periods  a  slow,  steady,  and 
very  slowly  decreasing  additional  absorption  of  water  continues, 
which  ini  nearly  all  the  specimens  was  still  going  on  after  a 
lapse  of  two  weeks. 

Herein  th'e  brick  are  comtpared  on  the  basis  of  forty-eight 
hours  immersion.  Although  the  final  results  would  be  ten  per 
cent  to  fifty  per  cent  greater,  those  for  forty-eight  hours  were 
chosen  because:  first,  the  final  per  cents  of  absorption  could  not 
be  obtained  inj  any  practicable  test  period;  second,  the  forty- 
eight  hours  points  on  the  absorption  curves  gave  fair  points  for 
oomparisoni,  far  enough  removed  from  the  starting  points  to 
be  free  from)  the  irregularities  where  the  curves  bend  rapidly; 
third,  the  water  absorbed  readily  at  first  is  of  most  importance, 
for  brick  are  not  usually  so  placed  in  structures  as  to  become 
saturated  with  water,  but  they  simply  absorb  part  of  what  water 
is  dashed  against  them  by  the  storms. 

As  has  already  be&n  indicated  ten  bricks  were  taken  for  each 
of  the  thirteen   sets   of   tests  made,  and   in   each  set   of  tests 
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each  of  the  ten  brick  was  subjected  to  each  of  the  four  tests, 
transverse  strength,  crushinig  strength,  absorption,  and!  freezing 
and  thawing.  In  figs.  101-H7,  inclusive,  the  results  of  all  these 
tests  are  shown.  In  further  explanation  it  should  be  said  that 
the  transverse  and  crushing  strengths  are  given  in  pouiwis  pfer 
square  inch,  that  the  percentage  of  absorption  is  for  forty-eight 
hours  immersion  of  one  inch,  smooth  cubes,  and  that  the  num- 
ber of  fre^ezings  platted  is  the  number  required  to  completely 
demolish  a  one-inch  smooth  cube  saturated  with  water,  the  mini- 
mum freezing  temperature  being  about  two  diegrees  above  zero 
Fahrenheit. 

RESULTS  OF  FREEZING  TESTS. 

The  foUowinig  should  also  be  particularly  noted  in  connection 
with  the  freezing  tests.  All  ten  of  the  Coundl  Bluffs  pavers 
remained  practically  unaffected  at  the  end!  of  fifty  freezings, 
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Fio.  106.    Oomprekensiye  diagram,  Qoodwlnbriok. 


which  was  the  number  given  all  brick  not  demolished  sooner.  Of 
the  Webster  City  specimens  nine  were  not  yet  broken  up  and 
liad    lost    only    a    small    fraction    of    one    per    cent    of  their 
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original  weights.  Of  the  ten  Dale  common  brick,  six  were 
not  appreciably  affected,  one  lost  only!  0.9  p^r  cent  and  one  12.4 
per  oenit  Of  the  ten  Grand!  Junctioni  brick,  in  the  first  set,  one 
was  very  slightly  affected,  and  two  others  lost  respectively  0.8 
pier  cent  and  13.6  per  cent.  In  the  second  ten,  two  were  very, 
little  affected  and  three  lost  respectively  2.6  per  cent,  6.3  per 
cent  and  8.8  per  cent.  One  of  the  surprising  results  of  the  tests 
described  in  this  paper  was  that  of  the  ten  KfeUy  soft  brick,  three 
were  not  appreciably  affected  and  one  other  was  not  demolished, 


Fio.  109.    OomprehenalTe  dlBKram,  Qrand  Janotlon  brlok. 


though  it  lost  13.3  per  cent  of  its  weight.    One  of  the  second  ten 
Ames  hand  made  brick  lost  only  1.2  per  cent. 

In  the  diagrams  those  brick  which  were  practically  unaffected 
by  fifty  freezings  were  given  an  arbitrary  rating  of  lOD,  and 
for  the  partially  demolished  cubes  an  approximate  estimate  was 
made  of  the  number  of  additional  freezings  which,  would  be  re- 
quired to  totally  demolish  themu  Of  course  this  renders  the 
absolute  values  platted  for  part  of  the  freezing  tests  unreliable, 
but  there  is  no  uncertainty  inj  the  comparative  results. 
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OOMPARISON  OF  TESTS  MADE. 

In  arrangiiig  all  of  these  diagramfii  the  aim  kept  in  mind^ 
in  addition  to  showing  the  results  in  detail,  was  to  so  ar- 
range the  data  that  oomiparisons  could  be  readily  made  between 
the  results  of  the  diflfeuent  kinds  of  tests.  It  was  desired  to  as- 
certain conclusively  whether  the  strongiest  brick  would  always 
have  the  lowest  percentage  of  absorption,  and  especially  whether 
it  would  always  prove  the  most  durable  when  exposed  to  freez- 
ing and  thawing.  In  figs.  101  to  105,  inclusive,  the  brick  in  each 
set  of  tests  aire  arranged  in  the  order  of  their  resistance  to  freez- 
ing and  thawing.  In  fig.  112  the  average  results  for  all  ten 
brick  of  each  set  of  testal  are  arranged  in  the  ordter  of  transverse 
strength,  and  in  fig,  113  in  order  of  resistance  to  freezing  and 
thawing.  i 

By  a  careful  study  of  the  above  diagrams  some  general  cor- 
respondence between  the  results  of  the  different  tests  can  be 
traced,  especially  between  the  transverse,  crushing  and  absorp- 
tion tests,  as  evidenced  by  fig.  112,  but  this  correspondenoe  is 
only  in  a  viery  general  way  and  is  subject  to  very  many  and 
very  irregular  exceptions.  It'  is  usually  true  that  a  very  good 
brick  will  test  better  than  a  very  poor  brick  in  all  four  ways, 
as  is  seen  by  comparing  the  Council  Bluffs  pavers  with  the 
Council  Bluffs  soft,  or  the  Dale  common'  brick  with  the  Dale 
soft,  for  lexample;  but  when  different  kinds  of!  common  brick 
are  tested  it  very  frequently  happens  that  the  stronger  brick 
may  not  resist  freezing  so  well  as  the  weaker  brick,  and  some- 
times the  Weaker  may  also  have  a  lower  per  cent  of  absorption. 

To  properly  rank  brick  from  the  results  of  tests  evidently 
requires  some  method  which  can  properly  take  into  account  the 
results  of  all  the  tests.  When  we  come  to  a  consideration  of 
this  subject  the  question  at  once  arises,  what  constitutes  the 
value  of  a  particular  kind  of  brick?  Obviously  many  things  con- 
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tribute  which  are  not  subject  to  test,  as,  for  example,  regularity 
of  form,  smoothniess  of  exterior,  beauty  of  color,  freedom  from 
efflorescence.  The  qualities  usually  tested  are  strength,  botli 
transverse  and  crushing,  and  porosity.  In  this  investigatioa 
the  durability  when  exposed  to  freezing,  has  al§o  been  tested. 

Of  these  three  qualities  strength  is  undoubtedly  a  very  im- 
portant quality,  for  a  principal  function  of  any  wall  is  to  carry 
weight,  and  the  strength  of  a  wall  will  depend  upon  th^  strength 
of  the  brick  of  which   it  is  made.     The  tran^erse   strength 
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Fio.  110.    Reanlts  of  teste,  Kelly  brtok. 

as  well  as  the  crushing  is  of  importance,  for  unsightly  cracks 
due  to  uneven  settlement  are  comanon  and  there  is  dianger  of 
cracks  of  individual  brick  due  to  imperfect  bedding.  The 
strength  of  the  bond  will  also  depend  largely  on  the  transverse 
strength  of  the  brick. 

The  absorptive  power  of  a  brick  is  also  important  but  not  so 
much  so  as  the  strength.  Upon  the  absorptive  power  must  de- 
pend in  a  measure  the  liability  to  discoloration  from  dirt,  and 
the  more  absorptive  the  brick  the  greater  danger  to  the  mortar 
from  suction  before  it  sets. 

88 
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Undoubtedly  for  brick  used  in  this  climate  the  most  important 
quality  subject  to  test  is  the  durability  when  exposed  to  freez- 
ing and  thawing.  It  is  seldom  that  walls  fall  by  crushing  under 
too  great  weight,  wliile  on  the  exterior  of  almost  any  building 
made  of  common  brick  a  close  search  after  a  few  years '  exposure 
to  our  climate  will  disclose  some  evidences  of  disintegration. 

The  weight  to  be  assigned  to  each  of  the  qualities  enumerated 
above  will  depend  upon  the  use  to  which  the  brick  are  to  be  put. 
For  example,  in  an  interior  pier  not  subjected  to  freezing  at  all 
but  carrying  a  very  liea.vy  load,  strength  would  be  the  all  im- 
portant quality.  In  other  cases  the  resistance  to  freezing  and 
thawing  may  be  all  imj>ortant,  and  in  fact  is  usually  much  more 
important  than  any  other  quality  subjected  to  test.  On  the 
whole  it  seems  fair  to  give  strength  twice  the  weight  given  to 
the  results  of  the  absorption  test  and  to  give  the  freezing  and 
thawing  test  a  weight  equal  to  all  of  the  other  tests  combined. 

In  order  to  prepare  f onnulae  embodying  this  it  is  necessary  to 
know  what  are  the  average  ratios  between  the  results  of  the 
different  kindls  of  tests.  For  the  brick  tested  in  these  experi- 
ments the  results  are  shown  in  the  following  table : 
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TABLE  SHOWING  COMPARATIVB  RESULTS  07  BRICK  TESTS. 
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4400 
3800 
3700 
3700 
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2700 
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5900 
5300 
5600 
4300 
3800 
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3800 
3100 
3000 
2700 
2800 
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It  will  be  seen  that  some  of  these  ratios  are  siubject  to  wide 
fluotuaitions  and  the  average  values  are  not  to  be  taken  as  yet 
well  established  by  the  results  of  this  single  series  of  tests. 

RATING  FORMULA. 

For  a  rating  formula  whose  coefficiients  are  approximately  de- 
termined, we  may  take,  however, 

R  =  T  +  5  +  ^^  +  65F, 
In  which  R  is  a  ranking  number. 
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T— Transverse  modulus  of  rupture  in  pounds  per  square  inch. 

« 

C— Crushing  strength  in  pouuds  per  square  inch. 

A— Per  cent  of  absorption  in  forty-eight  hours  iminersion. 

F— The  number  of  freezings  reqiuired  to  demolish  a  one-inch 
smooth  cube. 

In  figs.  106  to  111,  inclusive,  the  results  of  the  individual  tests 
are  arranged'  according  to  this  formula,  and  in  the  later  dia- 
grams the  average  results  of  each  set  of  tests  aire  arranged  in 
similar  msaimer.  Of  course  the  tests  correspond  much  more 
nearly  to  the  rank  when  arranged  in  ithis  way  than  in  figs.  101  to 
105,  for  the  results  of  the  tests  are  taken  into  account  in  making 
the  arrangement 

This  subject  is  one  which  demands  considerable  further  in- 
vestigationi. 

Crushing  testa  are  difficult  and  expensive.  In  case  they  have 
not  been  nKade  the  transverse  strength  may  be  given  double 
weight,  making  the  formula. 

R'  -  2T  -h  ^^  +  65P, 

In  the  above  table  the  values  of  R'  are  also  given  and  it  will 
be  seen  that  they  rank  its  brick  in  the  same  order  as  R^ 

Attention  is  called  to  the  results  of  the  freezing  test  in  the 
case  of  the  Mason  City  brick  and  the  Kelly  brick.  In  the  case 
of  the  M)ason  City  brick  it  is  undoubtedly  true  that  the  results 
of  the  freezing  test  did  not  correctly  indicate  the  durability  of 
the  brick  as  they  are  conmnonly  used  in  walls. 

The  structure  of  these  brick  has  already  been  discussed  and 
it  will  be  rememberedl  that  the  interior  is  considerably  fissured, 
while  the  exterior  surfaces  which  are  lexposed  to  the  weather  are 
smooth,  dense  and  hard,  and  not  fissured.  In  the  freezing  test 
the  brick  are  sathirated  with  water  taken  into  the  interior  fis- 
sures, whereas  wliien  laid  in  a  wall  the  brick  could  not  absorb 
much  water  on  accotunt  of  the  dense,  hard  exterior  skin. 
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Fio.  lU.    Besnlts  of  teste,  Ames  hand  made  brtok. 

In  the  case  of  the  Kelly  brick  it  was  a  very  surprising  thing 
that  the  soft  brick  tested  better  than  the  well  burned  brick  as 
regardls  the  per  cent  of  absorption  and  especially  as  regards  the 
resistance  to  freazing  and  thawing.     It  is  very  diflScult  to  ex- 
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Fio.  112.    Diagram  showing  oomparatire  results  of  tests. 
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ITio.  118.     Diagram  of  comparative  reunite. 


plain  why  this  should  be  the  case  for  the  soft  brick  were  pale 
and  apparently  not  so  well  burned  as  the  common  brick.  The 
only  explanation  which  can  be  given  by  the  author  is  pierhaps 
that  the  day  of  which  the  soft  brick  were  made  was  taken  from  a 
different  place  in  the  pit  and  was  of  much  better  material  than 
that  from  which  the  common  brick  were  made.    There  is  some  in- 
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Fjg.  114.    Diagram  of  comparailye  results. 
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dication  of  this  in  the  brick,  for  the  common  brick  showed  many 
more  nodHiles  of  lime  than  the  soft  brick. 


Tests  of  Strength  of  Hollow  Building  Blocks. 

ADVANTAGES  OP  HOLLOW  BLOCKS. 

During  the  last  few  years  there  has  been  an  extensive  devel- 
opment in  the  manufacture  and  use  of  hollow  clay  blocks  in 
place  of  solid  brick  for  building  couistruction.  These  blocks  have 
some  strong  advantages  in  competition  with  brick.  One  is  the 
saying  in  weight,  which  leads  to  economy  where  the  material 
must  be  transported  long  distances.  In  the  walls  themselves  the 
saving  in  weight  may  often  be  of  great  importance  as  it 
lessens  the  loads  on  the  other  parts  of  the  building  and  on  the 
foundations.  Another  very  important  advantage  of  hollow 
blocks  is  in  the  air  space  in  the  walls  due  to  the  hollow  spaces 
in  the  blocks.  These  secure  much  drier  walls.  Another  advan- 
tage is  the  larger  size  of  the  blocks,  which  permits  greater  rapid- 
ity in  laying  and  makes  a  much  smaller  number  of  joints.  Of 
course  the  greater  disadvantage  of  brick  masonry  asi  compared 
with  stone  masonry  is  in  the  much  larger  number  of  joints  im- 
perfectly filled  with  mortar  through  which  cold  air  may  find 
its  way. 

However,  hollow  blocks  have  not  been  used  a  sufficient  number 
of  years  to  thoroughly  demonstrate  their  merits  and  it  often  be- 
comies  difficult  to  secure  their  use.  The  principal  objection  which 
is  raised  to  them  id  their  lack  of  strength  as  compared  with  solid 
brick.  Therie  is  no  doubt  that  hollow  blocks  are  much  weaker 
than  solid  brick  and  that  hollow  block  walls  are  nmch  weaker 
than  walls  constructed  of  solid  brick.  This  objection  is  so 
strongly  urged  that  it  sometimes  prevents  the  use  of  hollow 
blocks  in  places  where  they  would  otherwise  be  adopted. 
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TESTS  OF  HOLLOW  BLOCKS. 

During  the  past  few  years  several  t?sts  of  the  strength  of 
hollow  blocks  have  been  made  by  the  civil  engineering  depart- 
ment of  the  Iowa  State  Coltege  and'  for  the  information  of  man- 
ufacturers and  users  of  building  materials  they  are  grouped  in 
the  table  given  below.  All  the  tests  were  made  by  imbedding 
the  building  blocks  in  plaster  of  Paris  in  the  100,000  pounds 
testing  nlachine  of  the  engineering  division  at  Amies.  The  blocks 
were  imbedded  in  plaster  of  Paris  both  at  the  top  and  the  bottom 
and  the  plaster  of  Paris  was  allowed  to  set  usually  ov^er  night. 
An  adjustable  top  bearing  was  used  to  enable  the  machine  to 
adjust  itself  to  lack  of  parallelism  of  the  top  and  bottom. 

TABLE  SHOWiya  TESTS  OP  IOWA  HOLLOW  BLOCKS. 
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Capital  City  Brick  a  ad  Pipe  Co. ,  Des  Moines,  Iowa 


Mason  City  Brick  and  Tile  Co. ,  Mason  City,  Iowa. 


Sioux  City  Brick  and  Tile  Co. ,  Sioux  City,  Iowa 
Johnson  Brothers,  Kalo ,  Iowa 


Des  Moines  Clay  Manufacturing  Co.,  Des  Moines,  la 


4x8x12 
4x8x12 
4x8x12 

4x8x12 
4x8x12 
5x5x12 
4x4x12 

5x8x12 
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5x8x12 
5x8x12 

5x8x16 
5x8x16 
8x8x16 
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Flatwise. 
Edgew  se 
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Flatwise. 

Flatwise. 
Edgewise 

Flatwise. 
Endwise. 
Edgewise 

Flatwise. 
Flatwise. 
Flatwise. 


78.1+* 
230.8 
171.5+* 

64.0 
59.6 
39.1 
56.5 

30.2 
65.0 

47.0 

131.0 

59.9 

49.0 

55.5+» 

S8.0+» 


*  B^ailed  to  break  at  full  power  of  cedtlng  maohlae. 


In  stating  the  results  given  in  the  above  table  it  may  be  said 
that  architects  allow  five  to  ten  tons  i>er  square  foot  pressure 
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on  brick  masoiirj\  Even  if  this  usual  pressure  were  adopted 
with  hollow  block  walls  a  large  factor  of  safety  would  evidently 
be  secured.  Of  course  in  walls  built  of  hollow  blocks  piers  of  solid 
brick  are  usually  built  to  carry  concentrated  loads  from  beams 
and  trusses.  It  may  be  said  that  with  proper  precaution  the 
strength  of  hollow  blocks  appears  ample  for  all  ordinary  build- 
ing construction. 


Tests  of  Iowa  Paving  Brick. 

GENERAL  CONSIDERATIONS. 

The  manufacture  of  paving  brick  constitutes  a  very  important 
part  of  the  manufacture  of  clay  products  in  Iowa.  Although  the 
use  of  brick  paving  has  been  very  extensive  it  began  at  a  com- 
paratively recent  date,  and  the  standardizing  and  developing 
of  the  various  tests  of  the  material  is,  even  yet,  in  an  unsatisfac- 
tory state.  It  cannot  be  said  that  the  development  of  satisfactorj^ 
tests  has  kept  pace  with  the  use  of  paving  brick. 

In  Iowa  the  manufacture  and  use  of  paving  brick  developed 
very  rapidly  in  tlie  few  years  following  1890,  but,  owing  largely 
to  uncertainties  regarding  the  constitutionality  of  paving  laws, 
there  has  been  a  lull  in  the  extension  of  brick  paving  until  very 
recently.  The  construction  of  paving  is  now  again  developing, 
but  the  brick  are  coming  into  keen  competition  with  asphalt. 
The  question  of  brick  paving  versus  asphalt  paving  is  one  which 
has  aronjsed  bitter  discussions  in  several  Iowa  cities  during  the 
last  year  or  two,  and  it  must  be  admitted  that  the  use  of  asphalt 
has  greatly  increased  recently  in  this  state.  It  is  easy  to  see  why 
this  should  be  the  case  wiiien  consideration  is  given  to  the  pleas- 
ing appearance,  the  smooth  unbroken  surface  and  the  compara- 
tively noiseless  character  of  the  asphalt  paving. 
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ADVANTAGES  OP  BRICK  PAVING. 

It  must  be  admitted  that  brick  paving  haj&  fnmry  advantages 
as  com^paried  mth  asphalt  or  any  other  form  of  paving,  especi- 
ally in  the  middle  west,  and  there  is  practically  no  dioubt  that 
the  construction  of  brick  pavements  will  continue  to  be  more 
extensive  in  the  future.  In  the  first  place,  brick  is  cheaper  than 
aspihalt,  and  this  is  an  important  consideration,  especially  in 
the  cities  of  Iowa  which  have  yet  to  construct  pavements. 
Second,  as  is  proven  by  recent  tests  by  the  civil  engineering  de- 
partment of  the  Iowa  State  Collegie  at  Ames,  and  by  other  exper- 
imenters, the  traction  on  brick  pavements  is  materially  less  than 
on  asphalt,  contrary  to  the  common  impression  due  to  the  smooth 
surface  of  aaphalt  pavements.  Third,  brick  pavemtents  do  not 
require  so  high  a  degree  of  professional  sMU  for  their  repair 
and  maintenance.  It  is  an  interesting  question  to  consider  what 
the  smaller  cities  of  Iowa  which  are  putting  in  asphalt  pave- 
ments at  the  present  time  will  do  when  the  guarantee  period  ex- 
pires and  they  are  thrown  on  their  own  resources,  or  the  mercy 
of  the  large  corporations  to  repair  and  maintain  their  pavements. 
Fourth,  the  methods  of  construction  of  good  brick  pavement  and 
the  materials  and  processes  can  be  submitted  to  constant  direct 
inspection  and  supervision,  while  with  asphalt  entire  confidence 
miust  be  placed  in  the  contractor.  Fifth,  brick  pavement  is  capa/- 
ble  of  withstanding  successfully  heavier  tra.fl5c  than  the  asphalt, 
although  this  statement  should  be  qualified  by  the  statement  that 
asphalt  is  suited  to  much  heavier  traffic  than  it  was  formerly 
supposed  it  could  successfully  stand.  Sixth,  brick  pavements 
are  not  so  slippery  as  asphalt  pavements  and  can  be  constructed 
on  much  steeper  grades. 

PAVING  BRICK  TESTS. 

The  above  extensive  list  of  advantages  insures  that  the  manu- 
facture and  use  of  paving  brick  will  continue  to  be  extensive  and 
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important  in  the  state  of  lowia.  Consequently,  tests  of  the  pay- 
ing brick  of  the  state  are  of  great  interest  and  value,  if  made 
sufficiently  numerous  and  with  sufficient  skill  and  care.  During 
the  last  four  years  the  civil  engineering  departmient  of  the  Iowa 
State  College  has  been  engaged  in  making  an  extensive  series  of 
tests  of  Iowa  paving  brick,  in  all  over  four  thousand  individual 
tests  having  been  made.  The  calculation,  compilation  and  dis- 
cmssion  of  the«se  tests  require  a  vast  amount  of  labor,  which 
has  not  yet  be^en  entirely  completed,  so  that  we  aire  now  able  to 
give  only  a  preliminary  report  of  the  testa.  In  the  following 
diagrams  the  principal  results  of  these  tests  may  be  seen  in  the 
most  compact  form  possible. 

The  brick  for  these  tests  were  furnished  by  the  following  man- 
ufacturing companies: 

Capital  City  Brick  and  Pipe  Company,  Des  Moines,  Iowa. 

Merrill  Brick  Company,  Des  Moines,  Iowa. 

lowai  Brick  Company,  Des  Moines,  Iowa. 

Flint  Brick  Company,  Des  Moines,  Iowa. 

Granite  Brick  Company,  Burlington,  Iowa. 

Boone  Brick,  Tile  and  Paving  Company,  Boone,  Iowa. 

Each  of  these  companies  was  askied  to  furnish  three  kinds  of 
brick:  first,  the  best  or  No.  1  brick,  which  in  these  diagrams  is 
designated  by  the  subscript ' '  A  * ' ;  second,  the  overbumed  brick, 
which  in  these  diagrams  is  designated  by  the  subscript  *'B"; 
and  third,  the  underburned  or  soft  brick,  which  in  these  dia- 
grams is  designa-ted  by  the  subscript  '*C.'*  In  the  diagrams, 
also,  for  the  sake  of  avoiding  a  large  amount  of  lettering  the 
initial  letter  of  the  company's  name  is  used  to  designate  the 
brick.  Heiuje  the  following  is  tlie  key  to  the  kinds  of  brick  given 
on  the  diagrams: 
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Capital  City  Brick  and  Pipe  Company, 

No.  1  brick Ca 

Overburned  brick Cb 

Soft  brick  Co 

Merrill  Brick  Company , 

No.  1  brick Ma 

Overburned  brick Mb 

Soft  brick Mo 

Iowa  Brick  Company, 

No.  1  brick Ia 

Overburned  brick 1b 

Soft  brick  Ic 

Flint  Brick  Company, 

No.  1  brick    Pa 

Overburned  brick Fb 

Soft  brick Fc 

Granite  Brick  Company,  (Burlington) 

No.  1  brick Bua 

Overburned  brick Bub 

Soft  brick Buo 

Boone  Brick,  Tile  and  Paving  Company, 

No.  1  brick Boa 

Overburned  brick Bob 

Soft  brick Boo 

An  examination  of  the  diagrams  will  show)  as  a  very  striking 
fact  the  great  \ajck  of  unifonnity  of  the  results  of  all  i>aving 
brick  tests.  This  same  lack  of  uniformity  is  encountered  by  all 
careful  experiments  audi  is  an  indication  of  corresponding  vari- 
ations in  the  properties  of  the  brick.  It  is  evident,  on  account 
of  this  lack  of  uniformity,  that  a  large  number  of  tests  should 
be  made  of  each  kind  of  brick  to  give  results  at  all  worthy  of 
use. 
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Fio.  11&    Crushing  teste,  Boone  briok. 


The  tests  of  paving  brick  which  have  been  mlade  in  the  past 
are  four  in  niimb'er:  the  crushing  test,  the  absorption  test,  the 
test  of  transverse  strength  and  the  rattler  test. 
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FiO.  110.    Crashing  tests,  Burlington  briok. 
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THE  CRUSHING  TEST. 

Tlie  crushing  test  of  paving  brick  nxay  be  said  now  to  have 
been  abandoned  by  practically  all  experimenters.    In  the  inves- 
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Fig.  117     CraHhlng  testii,  Capital  City  brick. 
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Fio.  118.     Crashing  teats  of  Flint  brick. 
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tigation  now  under  discussion  crushing  strength  was  determined 
simply  as  a  matter  of  scientific  interest.  Paving  brick  never 
fail  in  the  street  by  direct  crushing  and!,  in  fact,  the  crushing 
strength  of  pa\ang  brick  comipaores  very  favorably  with  the 
strength  of  granite.  The  test  is  not  abandoned  because  its  re- 
sults would  be  of  no  value  or  interest,  but  because  the  same  in- 
fonnation  can  be  secured  by  transverse  tests  in  a  much  simpler 
and  less  expensive  manner.    The  crushing  test  requires  a  veYj 
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F  G.  1 .9.    Crashing  tests  of  Io«'a  brick. 


powerful  testing  machine  and  it  is  difficult  and  expensive  to  pre- 
pare the  specimens  for  the  tests.  All  the  crushing  tests  in  this 
investigation!  were  made  ofl  ends  of  brick  previously  broken  in 
the  transverse  tests.  These  were  shaped  so  as  to  be  practically 
square  in  cross  section.  The  upper  and  lowler  edges  of  the  brick 
were  m)ade  respectively  the  upper  andl  lower  bearing  surfaces 
in  the  tests.  These  bearing  surfaces  were  carefully  ground'  to 
true  planes  and  in  the  testing  machine  were  placed  immediately 
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in  contact  with  steel  bearing  plates.     The  upper  bearing  plate 
was  adjustable  to  take  care  of  lack  of  parallelism. 
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Fio.  12a    Cnuhing  tests  of  MerrUl  brick. 


THB  ABSORPTION  TEST. 


The  absorption  test  of  paving  brick  is  of  value  as  showing  the 
hardness  of  burning  of  the  material.  However,  when  brick  from 
diffenent  localities,  made  from  different  materials^  are  compared, 
the  absorption  test  cannot  be  taken  a®  a  relative  index  of  the 
quality,  for  some  materials  give  a  larger  percentage  than  others 
of  absorption  for  the  same  degree  of  vitrification.  The  absorp- 
tion test  has  been  standardized'  by  the  National  Brick  Manu- 
facturers' Association,  and  these  tests  have  been  conducted  in 
accordance  with  their  recommendations.  The  tests  are  made  of 
brick  previously  tested  in  the  rattler  tests  so  that  the  outer  skin 
is  removed.  These  are  first  placed  in  the  oven  and  dried  for 
fortj^-eight  hours,  then  soaked  in  water  and  the  pert  cent  of  gain 
in  forty-eight  hours  determined.  In  the  tasts  under  discussion 
the  bricks  were  weighed  at  intervals  up  to  many  days  immersion. 
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THE  TBAN8VBRSB  TEST. 

The  writer  oansiders  the  transverse  test  of  paving  brick  to  be 
one  of  the  most  valuable  made,  although  he  must  confess  thiat  in 
this  opiniani  he  is  not  weU  supported  by  all  other  experimenters 
on»  paving  brick.  As  a  result  of  his  experience  in  making  thous- 
ands of  tests,  the  writer,  neverthelessj,  believes  that  the  trans- 
verse test  furnishes  fully  as  reliable  an  index  of  the  quality  of 
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Fio.  121.    Transrerae  tests  of  Boone  brick. 

paving  brick  as  any  yet  proposed.  In  fact,  in  some  cases  under 
his  observation,  where  the  quality  of  the  brick  was  known  in. 
other  ways  than  by  test,  the  writer  has  believed  that  the  trans- 
verse test  gave  more  accurate  indications  as  to  the  relative  qual- 
ity of  the  brick  than  the  rattler  test.  When  we  understand  that 
actual  use  of  brick  in  pavements  has  not  always  given  results 
agreeing  with  the  rattler  tests  of  the  material,  and  when  we 

89 
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Fig.  122.    TransTene  teste  of  Borllngton  briok. 
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Fig.  128.    Transverse  tests  of  Capital  City  brick. 


PAVINO  BMCtK  T1«T«« 


m 


8  t  M  i  i 


Wta,  m,    Tnmfmmtmt&HWHMUft^k. 


g  ^  s  g  8  i  i  § 


9  ti.     -^       f  '■«««*^'^4^  «i0««  -/  «  'V'*    ^>y 


612 


TESTS  OF   CLAY   PRODUCTS. 


further  havebeeni  eaulbarrafised  by  the  great  diversity  in  the  re- 
sults of  paving  brick  of  apparently  the  same  grade,  we  may 
well  question;  the  aooeptanoe  of  the  rattler  tests  as  being  infal- 
lible and  of  itself  all-sufficient. 

In  the  civil  engineering  laboratory  at  the  Iowa  State  College 
the  transverse  test  haa  been  standardized  in  a  somewhat  differ- 
ent manner  fromi  that  commonly  followed  by  experimenters. 
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Fio.  12d.    Transvene  teBtd  of  Merrill  briok. 


The  brick  are  placed  on  edge,  supported  near  each  end  on  knife 
edges  six  inches  apart  rounded  both  ways,  and  the  load  is  ap- 
plied at  the  center  by  an  adjustable  knife  edge.  Between  all 
knife  edges  and  the  brick  steel  bearing  blocks  are  placed  to  pre- 
vent knife  edges  cutting  into  the  brick. 

One  great  advantage  of  the  transverse  test  is  that  it  fully  ex- 
poses the  interior  structure  of  each  brick  tested  and  that  it 
searches  out  any  hidden  flaws. 
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THS  BATTLKR  TBST. 

The  rattler  test  of  paving  brick  is  a  test  not  usually  made  of 
other  materials  of  construetiony  but  is  a  test  which  has  been  de- 
veloped especially  for  this  wt>rk.  It  has  come  to  be  considered 
universally  the  most  reliable  test  of  paving  brick.  In  the  street 
under  actual  conditions  of  wear  brick  fail  mainly  by  abrasion 
from  the  blows  of  the  horses'  feet  and  the  wheels  of  loaded 
vehicles.    In*  the  rattler  test  the  brick  pound  against  each  other 
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Vxo.  1S7.    B«ltil«r  and  •teorptlon  testa  of  BooiM  brlokt 

and  against  the  sides  of  the  rattler,  and  the  iron  in  the  charge 
also  pounds  the  brick  in  a  way  to  produce  excessive  wear  mainly 
by  abrasion,  and  the  brick  fail  in  a  manner  somewhat  the  sfune 
as  in  actual  use  in  the  street 

A  great  deal  of  attention  has  been  given  to  the  standardizing 
of  the  rattler  tests  by  the  National  Brick  Manufaoturera*  Asso- 
ciation, the  work  being  done  mainly  by  Professor  Orton  of  the 
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Ohio  State  University.  As  a  result  of  this  ivork  the  National 
Brick  Mamif acturers '  Association  first  recomimended  a  standard 
method  of  condlucting  the  test  with  the  rattler  containing  only 
brick,  and  that  these  should  be  placed  in  to  the  extent  of  15  per 
cent  of  the  volume. 

Experience  with  this  method  of   testing  soon  lead   to  aban- 
doning it  and  to  the  adaption  of  another  method,  which  Professor 
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Fio.  188.    Rattler  and  abBorptlon  tests  of  Burlington  briok. 

A.  N.  Talbot  ofl  the  University  of  Illinois  took  a  prominent  part 
in  developing.  In  the  diagrams  given  herewith  the  method  first 
proposed  by  the  N.  B.  M.  A.  is  designated  as  the  **old  N.  B. 
M.  A.  test*'  and  the  new  miethod  as  the  *'new  N.  B.  M.  A.  test." 
The  change  was  made  while  this  investigation  was  under  way. 
^  Still  another  method  of  conducting  the  rattler  test  has  been 
proposed,  in  which  the  brick  are  clamped  around!  the  interior 
perimeter  of  thei  rattler  so  as  to  make  a  sort  of  cylindrical  brick 
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Fia.  120.    Battlsr  and  absorption  tests  of  Oapltal  City  briok. 


Z  9  4  5  125456755!      10 

Fio.  180.    Battler  and  absorption  tests  of  Flint  briok. 
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pavement  The  charge  of  iron  in  the  machine  then  wears 
against  only  one  edge  of  the  brick  in  a  way  more  closely  resem- 
bling the  wear  in  the  street  In  1901  a  commission  of  engineers 
consisting  of  the  late  Professor  J.  B.  Johnson,  dean  of  the  col- 
lege of  engineering  of  the  University  of  Wisconsin,  Professor 
A.  N.  Talbot  of  the  University  of  Illinois,  Professor  W.  K. 
Hatt  of  Purdue  University,  and  Professor  A.  Marston  of  Iowa 
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Fio.  181.    Bftttler  and  a^^aorptlon  tests  of  Iowa  briok. 


State  College,  met  Professor  Orton  and  a  number  of  brick  man- 
ufacturers, and  other  people  interested  in  i>aving  brick  tests  at 
Columbus,  Ohio,  to  report  upon  the  advisability  of  adopting  this 
other  method  of  testing.  After  careful  consideration  of  the  ex- 
tensive  series  of  tests  reported,  this  commassion  advised  against 
tiie  adoption  of  the  proposed  method  andl  recommended  adher- 
ence to  the  old  method,  called  in  this  i>aper  the  *'new  N.  B.  M. 
A.  test'* 


STANDARD   METHOD  OF   CONDUCTING   RATTLER  TESTS.         617 


It  is  very  desirable  that  a  standard  method  of  conducting 
the  rattler  test  shouldl  be  adopted  universally  and  it  is  strongly 
recommended  that  all  rattler  tests  should  be  conducted  in  accord- 
ance with  the  following  specifications,  which  have  been  adopted 
as  standard  by  the  National  Brick  Manufacturers'  Association: 
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SPECIFICATIONS  FOR  STANDARD  METHOD  OF  CONDUCTING 

RATTLER  TESTS. 

1.  Dimensions  of  Machine.— The  standard  machine  shall  be 
28  inches  in  diameter  and  20  inches  in  length,  measured  inside 
the  rattling  chamber. 

Other  machines  may  be  used,  varying  in  diameter  between  26 
and  30  inches,  and  in  length  from  18  to  24  inches,  but  if  this  is 
done,  a  record  must  be  attached  to  the  official  report.  Long 
rattlers  must  be  cut  up  into  sections  of  suitable  length  by  the 
insertion  of  an  iron  diaphragm  at  the  proper  point. 
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;2.  Construction  of  the  3fac/iiti€.— The  barrel  may  be  driven 
by  tnmiuoiis  at  one  or  both  ends,  or  by  rollers  underneath,  but 
ini  no  case  shall  a  shaft  pass  though  the  rattler  chamber.  The 
cross-section  of  the  barrel  shall  be  a  regular  polygon,  having 
fourteen  sides.  The  heads  shall  be  composed  of  gray  cast-iron, 
not  chilled  nor  case-hardenedL  The  staves  shall  preferably  be 
composed  of  steel  plates,  as  cast-iron  peans  and  ultimately 
breaks  under  the  wearing  action  on  tiie  inside.  There  shall  be 
a  space  of  one-fourth  of  an  inch  between  the  staves  for  the  escape 
of  the  dust  and  small  pieces  of  waste.        ) 

Other  machines  may  be  used  having  from  twelve  to  sixteen 
staves,  with  openings  from  one^eightli  to  three-eighths  of  an  inch 
between  staves,  but  if  this  is  done  a  record  of  it  must  be  attach'ed 
to  the  official  report  of  the  test. 

3.  Compositio7i  of  the  Charges.— All  tests  must  be  executed  on 
charges  containing  but  one  make  of  paving  material  at  a  time. 
The  charge  shall  be  composed  of  the  brick  to  be  tested  and  iron 
abrasive  material.  The  bricjc  charge  shall  consist  of  that  num- 
ber of  whole  bricks  or  blocks,  whose  combined  volume  most 
nearly,  amounts  to  1,000  cubic  inches,  or  8  per  cent  of  the  cubic 
contents  of  the  rattling  chamber.  (Nine,  ten  or  eleven  are  the 
number  required  for  the  ordinary  sizes  on  the  market.)  The 
abrasive  charge  shall  consist  of  300  pounds  of  shot  made  of  ordi- 
nary machinery  cast-iron.  This  sliot  shall  be  of  two  sizes,  as 
described  below  and  the  shot  charge  shall  be  compoeedi  of  one- 
fourth  (75  pounds)  of  the  larger  size  and  three-fourths  (225 
pounds)  of  the  smaller  size. 

4.  Size  of  the  Shot.— The  larger  size  shall  weigh  about  IjA 
pounds  and  be  about  2j/$  inches  square  and  4>^  inches  long,  with 
slightly  rounded  edges.  The  smaller  size  shall  be  l^^^-indi 
cubes,  weighing  about  seven-eighths  of  a  pciand  each,  with  square 
comers  and  edges.  The  individual  shot  shall  be  replaced  by 
new  ones  when  they  have  lost  one-tenth  of  their  original  weight. 
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5.  Revolutions  of  the  Charge.— The  number  of  revolutions  of 
the  standard  test  skall  be  1,800,  and  the  speed  of  rotation  shall 
not  fall  below!  28  nor  exceed  30  per  minute.  The  belt  iK>wer 
shall  be  sufficient  to  rotate  the  rattler  at  the  same  speed,  whether 
charged!  or  empty. 

6.  Condition  of  the  Charge^—The  bricks  campoeing  the  charge 
shall  be  thoroughly  dried  before  making  the  test. 

7.  The  Calculation  of  the  Results.— The  loss  shall  be  calcu- 
lated in  percentages  of  the  weight  of  the  dry  brick  composing 
the  charge,  and  no  result  shall  be  considered  as  official  unless  it 
is  the  average©  of  two  distinct  and  complete  tests,  made  on*  sep- 
arate charges  of  brick. 

While  the  rattler  tests  of  Iowa  paving  brick  are  clearly  shown 
by  the  diagramisi  given  in  this  article,  yet  for  the  purpose  of 
preparing  specifications  it  is  desirable  that  the  numerical  values 
should  be  available.    These  are  presented  im  the  following  table. 

In  this  table  some  rattler  tests  of  the  Purington  peving 
brick,  manufactured  at  Galesburg,  Illinois,  are  also  given  for 
the  purpose  of  comparison,  because  these  Purington  brick  are 
so  extensively  used  for  pavements.  Unfortunately  we  are  un- 
able to  say  that  the  Iowa  brick  make  a  better  showing  than  the 
Purington  brick,  but  it  may  be  stated  without  fear  of  contrar 
diction  that  the  best  grades  of  Iowa  paving  brick,  as  manufac- 
tured in  enormous  quantities  at  Des  Moines  during  many  years 
past,  havie  demonstrated  their  good  quality  and  reliability  when 
used  in  brick  pavements. 
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RATTLER  TESTS  OF  IOWA  PAVING  BRICK. 


PER  CENT.  OF  LOSSES  IN  WEIGHT. 


• 

GRADB  OF  BRICK. 

No.  1. 

Overbumed. 

Under- 
bnmed. 

KIND  OF  BRICK. 

• 

0 

a  ^ 
I'' 

• 

•  8 

O 

• 

s . 

n 

• 

O 

• 

0 

a 

O 

Flint,  Dei  Moines 

17.6 
20  1 

?6.8 

39.1 
37.0 
38.9 

37  0 
33.2 
29.8 
30.3 

30.6 
38.1 
31  9 

22.7 
20.1 
19.5 

33.5 
35.3 
36.9 

t 

38.3 

27.9 
29.8 
28.0 

Average 

21  5 

27.5 
21.3 
20.7 

32.5 

18.5 
18.7 
20.5 

33.3 

32.8 
27.1 
20.9 

20.8 

28.8 
42.1 

35.2 

• 
Iowa,  Des  Moines 

36.9 

Averag[e. .  •  • 

23.1 

26.9 
28.3 
28.1 

. . .  • 

28.5 

28.3 
30.8 
24.9 

...   ■ 

19.2 

30.7 
33.5 
30.5 

26.9 

37.5 
20.9 
24.3 
33.5 

35.5 

27.8 
25.2 
30.9 

Jb.cv 

Capital  City,  Des  Moines 

37.2 
36.6 
22.7 

Average 

27  7 

28.5 
25  6 
26.2 

26.7 

19.7 
14.4 
19.3 

28.0 

32  3 
31.7 
31.0 
32.0 

31.6 

36.5 
33.9 
39.3 

;9.o 

42  7 
36  0 
35.5 

27.9 

33.2 

30.1 
28.4 

32.2 

Merrill.  Des  Moines 

32.9 
34.9 

36.2 
36.5 

30.6 
34.7 

Average 

Burlington 

32.3 

26.3 
21.0 
27.6 

36  0 

17.6 
19.3 
29.1 

38.0 

18.1 
25.3 
15.3 

35.1 

37.2 
38.8 
43.6 
41.7 

25.0 

39.8 
37.4 
74.2 

19.6 

35.9 
32.5 
33.1 

Average 

Boone 

17.8 

30.3 
28.8 
27.2 

18.6 

31.7 
30.3 
29.5 

34.7 

29.8 
29.2 
33.6 

40.3 

40.4 
38.7 

41.9 

Average 

Pnrington  Paving  Brick, 

Galesburg,  Illinois 

28.7 

39.1 

17.8 
18.9 
19.0 
20.3 

30.5 

33.8 

19.0 
20.1 
22.0 

30.9 

40.3 

16.3 
22  8 
30.6 

Average 

19  0 

20.4 

23.2 
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AOKNOWIiEDGMENTS. 

* 

The  writers  of  this  report  desire  to  express  their  appreciation 
and;  obligation  to  the  clay  workers  of  the  state  who  have  so  gen- 
erously oo-operated  in  the  carrying  forward  of  the  work.  In 
fact,  anything  like  a  satisfactory  report  would  have  been  impos- 
sible without  their  assistance. 

Most  of  the  chemical  work  was  done  by  Dr.  J.  B.  Weems,  Chem- 
ist of  the  Survey,  and  the  chapter  entitled  ''Chemistry  of  Clays" 
included  in  this  report,  dealing  with  the  methods  of  raitional 
and  ultimlate  analyses,  was  prepared  by  Dr.  Weems,  and  will 
undoubtedly  prove  to  be  a  welcome  contribution  to  chemists 
generally. 

The  laboratory  work  on  the  physical  properties  of  clays  was 
done  by  Mr.  I.  A.  Williams,  and  the  chapter  on  technology  bear- 
ing upon  these  properties,  and  the  descriptions  of  day  working 
machinery  and  processes  were  almost  wholly  prepared  by  him. 
Nearly  all  of  the  cuts  ill^trating  the  various  types  of  clay  work- 
ing machinery  were  generously  loaded  by  the  manufacturers  of 
the  most  approved  types  in  the  country,  and  to  themi  due 
acknowledgment  is  made  herewith. 

The  chapter  on  ''Power  Plants''  prepar^ed  by  Professor  Bis- 
sell  is  timely  and  will  undoubtedly  be  appreciated  by  all  progres- 
sive clay  workers. 

It  was  the  intention  of  the  writers  to  include  an  elaborate  re- 
port on  clay  testing  but  owing  to  the  press  of  other  work  Pro- 
fessor Marston  was  unable  to  complete  his  work  on  the  tests  of 
paving  brick.  Fairly  complete  reports  ane  submitted  on  com- 
mon brick  and  dry  press  brick,  and  synopses  on  hollow  block 
and  paving  brick. 
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In  the  preparation  of  the  chapter  on  *  *  The  Geology  of  Clays ' ' 
published  articles  and,  in  some  instances,  the  unpublished  notes 
of  members  of  the  Survey,  to  which-  the  completeness  of 
this  chapter  is  largely  due,  were  freely  used  and  without  special 
acknowledgment  in  the  text. 

The  increasing  scarcity  of  good  lumber  gives  any  treatise  on 
structural  materials,  which  may  be  used  as  substitutes  for  lum- 
ber, greater  interest  than  it  would  otherwise  deserve,  and  it  is 
hoped  that  the  present  volume  may  be  of  service  to  contractors, 
builders  and  prospective  as  well  as  active  day  workers. 


MINERAL  PRODUCTION   OF    IOWA 


IN  1903 


BY 


S.  W.  BEYER. 


VALUE  OF  MINERAL  PRODUCTION. 

1902. 

Coal $8,058,779 

Clay 2,843,591 

Stone 673,591 

Gypsum 337,735 

Lead 11,178 

Total $11,924,644 


1903. 

Coal $10  439. 139 

Clay 3.033,583 

Stone 597.965 

Gypsum 523,008 

Lead '. 3,013 

Total $l4-,596.708 


MINERAL  PBODUOTION  IN  IOWA  FOR  1803. 


BY  S.  W.    BEYER. 


In  the  production  for  1903,  Iowa  shows  a  gain  of  more  than 
21  per  cent  in  the  selling  value  of  her  mineral  products  marketed. 
Coal,  day  goods  and  gypsum  show  substantial  increases,  while  a 
falling  off  is  recorded  in  lead  and  quarry  products.  No  zinc  or 
iron  w<as  sold  during  the  year. 

(647) 
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MINERAL   PRODUCTION   OF   IOWA. 


The  numiber  of  producers  for  the  various  mineral  industries 
of  the  state  is  shown  below  in  parallel  columns  for  the  years  1900 
to  1903  inclusive. 


1900 

Coal 231 

Clay 381 

Stone ^ 170 

Gypsum 7 

Lead  aod   zinc 6 

Iron 1 


1901 

242 

349 

229 

7 

10 
1 


1902 

274 

329 

273 

7 

8 


1903 

271 

296 

197 

8 

8 


796      838      891      780 

The  number  of  producers  reporting  shows  a  marked  decrease 
owing  to  the  continued  wet  weather  which,  made  the  **  summer 
brickyard"  unprofitable  and  many  of  the  smaller  quarries  im^ 
possible. 

The  statistics  were  gathered  as  ufiual  through  the  co-operation 
of  the  Federal  and  State  Geological  Surveys. 

The  value  of  the  total  mineral  production  in  Iowa  for  1903 
is  shown  in  Table  I. 


TABLE    No.  1. 
VA^UB  O^  TOTAL  MINERAL  PRODUCTIO>^  BY  CDUNTIBS   KOR  1908 


COUNTIBS. 


Adair 

Adams  . 
Allamakee.., 
Appanoose 
Aubabon . . . 

Benton 

Black  Hawk 
Boone. 
Bremer 

faena  Vista 
achanan  ... 

Butler 

Calhoun 

-GarroU 

CaBS 

Cedar 

Cerro  Gordo. 

Cherokee 

Clarke   

Olay         ...  . 
ClaTton.   . . . 
Ollnton 


«4 

Sac 

^^ 

TOTAL 

TOTAll 

TOTAL 

MT80SL- 

si? 

COAL.. 

OLAY. 

liTONB. 

LARBOUB 

h 

*T. 

* 

TOTAL. 


26 
4 

$ 

67,700 

%       14,860 
27,Jf80 

1    . 

479 
710 

t 

■  ■  •  • 

$         14,860 

84,900 

47M 

54 

J, 784, 682 

1.785.898 

1 

9 

22.016 
JU,876 
8-^,966 
2,198 
17,026 

1.165 
16,492 

28  180 

9 

25,867 

14 

699.040 

682.016 

2 

•  -  •  ■ 

2.198 

3 

1 

17.026 

1 
8 

•  «  •  ■      -  •  •  • 

18,745 

■  ■  •  •      •  «  • 

18,746 

1 

r 

2 

4 

10,696 

B9,'7>i2 
84,145 

•  • 

882 

•  •  •  • 
•  •  •  - 

10.596 

69,782 

292,560 

8 
1 

■  •  •                   •  •  • 

238,416 

6 

•  •  •  ■  ■ 

882 

1 

9 
12 

•  •••%.   .   .... 

ia622 
10.200 

14.888 
4.570 

28.510 
14.770 

VALUE   OF  TOTAL   MINERAL   PRODUCTION. 
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TABLE  Ko.  I— CoNTTHnED. 


COUNTIES. 


TOTAL 
COAL. 


TOTAL 
CLAT 


TQTAL 
BTONB. 


MIBCKL- 
LASBOU8 


TOTAL. 


Orawf  ord 

DallM 

Darls 

Decatur 

Delaware 

Dea  Moloes 

Dubuque 

Fayette 

Floyd 

Fremont 

Franklin 

Qreene 

Orundy 

Outhrle 

Hamilton  

Hancock 

Hardin  

Harrison.... 

Henry    

Howard 

Humboldt  

Ida 

Iowa 

Jackson 

Jasper 

Jefferson 

Johnson 

' Jones 

Keokuk 

Kossuth 

Lee 

Linn 

Louisa 

Lucas 

Madison 

Mahaska 

Marion 

Marshall 

Mills 

MitcheU 

Monona, 

Monroe 

Montgomery 

Muscatine 

O'Brien  .  

Page 

Pocahontas 

Polk 

Pottawsttamie 

Powenhiek 

Ringgold .  

Sac — 

Scott , 

Shelby 

Sioux , 

Story 

Tama 

Taylor 

Union.  

Van  Buren 

Wapello 

Warren 

Washington     . . . 

\*^ayne 

Webster        

Winneshiek 

Woodbury 

Wright 

Single  prOviucers 


2 

21 

8 

6 

4 

11 

15 

7 

6 

5 

1 

10 
» 
6 
7 
1 

li 

7 

6 

4 

8 

1 

4 

9 

17 

8 

8 

12 

27 

1 

17 

14 

7 

4 

1 

44 

24 

10 

4 

8 

1 

IS 

8 

10 

1 

6 

8 

44 

7 

8 

2 

2 

10 

1 

2 

6 

7 

0 

2 

10 

20 

6 

11 

0 

27 

2 

6 

4 

89 


Totsl 


86^424 


67,680 
18,728 


11.500 

96,825 

610 

4,750 

7.800 

27,020 

85,606 

15,900 


9,750 


480,928 
13,714 


89.656 


44  ,2  0 


1,044,816 
402,820 


2,558,688 


48,580 
'i,'77P,'699 


24,548 


1,742 
21.854 
66,040 

78.284 
24,160 
23,108 


28,775 

2i,'027 
2i;460 
80^204 

88,490 

14.900 
27.022 

7.880 


76.755 
15,180 
M,264 
14,100 


29,79? 
48,962 


82.  COO 

42,85<) 

602,018 

78,891 

14,8  4 

8,810 

2,62.) 

89,177 


85,858 


18.683 

561,458 

27,aJ6 

143,'776 
269.917 


7,800 
28,67/ 
57.0(0 

8,  A7i 
17,83'« 

6.90(1 
88,27^ 


5,400 


-»04  l$10, 4aQ.  180  I  8, 083. 5<« 


29,037 
14,750 

285.141 
7,000 

224,408 
18,9(iO 

110,466 


20,126 


8,700 
5,240 
7,877 
54.951 
7,876 
5,060 


9,726 


894 
1,807 


77.812 


8,100 
78.066 

i.osr 

22,878 

81,618 

2  40S 


2,418 


478 
1,390 


22.870 


.S96 
22,255 


6,217 


10,500 


60,715 


t  .V»ft.  «2? 


8,018 


>  ■   •  •  I 


•  •  •  •  • 


480,008 


I  488.091 


11,500 

158.176 

510 

18.519 

18.540 

84,897 

98,550 

28,275 

5,060 

9,7fiO 


57,5>>0 

1,742 

85,082 

65,040 


88,010 

24,150 

2;S.]18 

804 

1,307 


2»^.775 
77.812 

452,850 
85.174 
88.804 
78  055 

125,088 

87,778 

60,585 

9,788 

440,210 

1.121*671 

418.009 

61,264 

14,100 

2,418 


2,550,161 
81.182 
48,9e5 

•  •  •  • 

76,5.«K) 
42.860 

2,871.717 

78.891 

14,814 

8,800 

2.625 

86,0^5 


7,800 
23.677 
67,000 
48,880 
17,888 
20,920 

676,965 
27.8  6 
85,254 

158,525 

99%  666 
7.000 

224,408 
18,900 

176,681 


I  14,604.885 


MiSEitAI.   PRODDCTION   OF   IDWA. 


COAL. 


The  coal  production  shows  aii'  iaor<ea£e  of  more  than  fifteen 
per  cent  im  outputl  and  twenty-eight  per  oemt  in  the  value  of  the 
product  marketed.  Most  of  the  coal  producing  counties  con- 
tributed to  the  increased  output  and  profited  by  the  increase  in 
price.    Keokuk  is  the  only  oounty  sho^ng  a  dedded  slump. 

Table  II  grp&s  the  total  tonnage,  average  price  per  ton,  total 
value,  number  of  mines  produeing,  average  number  of  days 
worked  and  number  of  men  employed,  arranged  by  counties. 


TABLE  No   2. 

COA.L  OUTPUT  BT  COUMTIB9  K>R  1B03. 


GOlTNTIEa 

i 

II 

51 

ill 

lii 

111 

1 

L 

=1 

i 

|5 

IS 

trf 

El 

1 
\ 

a 

18 

3^. 

II 

im',«i 
Mi  ':*D 

il 

atMHiR 

7.H!K 

i 

'ill 

Kb 

sua 

1 

7OT,ui< 

ISS! 

1 

'ii 

'il 

V,  ,i.-,i,  urn 

.JI.,M8 

II 

'iHi.17 

1 

!l 

£.18 

11 

ftlW 

il 

s!i4 
lios 

Is 

ITU 

i 
1 

1 

iig 

T« 

7D 

"'i(s,'stt> 

is 

,.is 

■7i8,4M 

iwi 

ii 

lis.  010 

iSS'  

tr 

SSl^ 

'••S 

W.P.110. 

4.  IBS 

WeSei- 

MJ 

TntBl 

Mr 

&,i».ta 

784. -.81 

l4t.1GI 

HI**  818 

tio.»,iaB 

iv 

13.fiSS 

CLAY.  651 

CLAY. 

The  oontinued  wet  weather  oaused  thie  abamdonment  of  many 
of  the  hand  yards  but  greatly  stimulated  the  manufacture  of 
drain  tile.  The  increase  in  the  production  of  tile  miore  than 
oom{)en8ated'  for  the  falling  off  in  comimon  brick.  The  product 
was  distributed  as  follows: 

THOUSAND.      VALUB. 

Common  brick Id4,872    $1 ,396,088 

Front  brick 7.381           83,306 

Paving  brick 20,688         221,481 

Ornamental  brick     1,200 

Firebrick 975 

Draintile •    1.009,933 

Sewer  pipe 88,000 

Hollowblock 131.191 

Sidewalk  brick  11,743 

Floor  tile 500 

Railway  ballast 12,000 

Pottery 55,762 

Miscellaneous 21 ,404 

Total $3.033. 583 

Every  class  of  clay  ware  shows  an  advance  ini  price  and  away 
from-  the  Mississippi  river  district,  most  of  the  factories  could 
not  keep  up  with  their  orders. 
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MINERAL    PRODUCTION   OF   IOWA. 


The  distribution  of  clay  products  by  counties,  showing  the 
common  brick  and  total  brick  in  thousands,  the  values  of  com- 
mon brick  and  of  total  brick,  valuie  of  drain  tile  and  total  value 
of  clay  products  are  shown  in  Table  III. 


TABLE   111. 


CLAY  PRODUCTION  BY  COUNTIK3  FOR  1903. 


1 

BRICK  IN 
THOUSANDS. 

VALUE  or 

BRICK. 

1 

> 

• 

OB 

i 

a 

p>4 

1 

ft 

COUNTIES. 

a 

■ 

M 
o 

t 

1 

O 

e 

M 

1 

o 

o  ^ 

Adam; 

Adair 

Appanoose 

16 
U 
1 
1 
2 
6 
2 
5 

a 
» 

1 

8 

1 
1 
1 
1 
1 
4 
8 
8 
2 
8 
2 
2 
2 
8 
4 
2 
1 
I 

5 
I 
2 

j; 

2 
5 

7 
1 
6 
1 

1 
I 
4 
1 

A 
8 
« 
1 
« 
1 

l.MO 
700 

1,940 
1.400 

1      14,580 
4,9U) 

1      14,580 
11.900 

1           630 

2.700 

1    1.200 
80 

$    27,280 
14,860 

Attdnbon  

Cass 

1.406 

880 

1.600 

6,298 

278 

229 

1.406 

880 

1,600 

0.208 

278 

229 

10,606 

6.816 

10.875 

58,791 

2,198 

1.620 

10.606 

6.816 

10.375 

58,816 

2,198 

1.620 

10,606 

Benton 

16,200 

22,016 

Black  Hawk 

10,875 

J300116    •««•■•»•.        ••■ 

Bretner 

24.160 
15,406 

•  •  •  k 

82,966 
2.108 

Baena  Vista. 

Butler 

17,026 

Calhoun 

Carroll 

68 

68 

500 

1,000 

12.445 

800 

18,745 

Cedar  

Cherokee 

•  •  •                 •  •  « 

Clay >.... 

Clake /.... 

1 

Clayton 

Uerro  Gordo 

Clinton 

1.860 
8,697 
1,026 
1,600 
2.988 
66 
625 
1.000 
1,760 
5.486 
2,040 

•  •  •  •         •  *  • 

1,860 
8,6»7 
1.U25 
1,600 
8.469 
66 
626 
1.100 
2,o2l 
6.485 
2.040 

11,608 

25.182 

6.400 

11,600 

22.815 

610 

4,600 

6.3t0 

18,481 

85,695 

18,800 

li.oas 

26,586 

6,400 

11.600 

80.187 

610 

4,600 

7.800 

21,620 

86.695 

18,  SCO 

2.019 

lW.-^82 

8.8U0 

18,622 

86.694 

• 

•  •  • 

268,416 
10,200 

Crawford 

11,5(<0 

DaUaa....           ...  . 

DaTlB 

Decatur  

66.488 

.     •     ■                      •    a    •    • 

160 

96,626 

610 

4.760 

Delaware 

7.K» 

Dea  Moines 

1.600 

4,000 

27.C20 

Dubnqo  e 

K6.695 

Fnyette 

Floyd 

1,500 

1.100 

15.900 

Franklin 

Fremont 

1.600 

1.600 

0,750 

9,750 

9,750 

Greece  

C"»rundy.            

Outhrie  .           

200 
89'^ 

2.145 
019 

8.871 

1,161 

200 

802 

2.145 

1.129 

8,871 

•             •  •  «  . 

1.161 

1.5V 
6,^030 

1A,015 
7,248 

24.150 

8,244 

1,537 

6.050 

15.015 

11.848 

24.150 

8.244 

206 
16,804 
60,025 
66,626 

1,742 
21,854 

Ha'i  Uton 

66,0  0 
78.284 
24,150 

Hardin 

Harrison 

815 

Hancock 

Henry .           

Howard 

14,859 

.  •  •  •  « 

28.103 

•  •  •  • 

Humboldt 

Ida. 

i6,'826 

i7,'225 

Iowa 

•Tackiion 

2,476 

2.675 

11.530 

28.775 

Jasoer 

1,061 

620 

2.876 

1,906 

620 

2,988 

14,627 

4,060 

20.800 

14,977 

4.960 

20,764 

6,960 

16.60U 

0,200 

• 

240' 

21,027 

Jefferson 

21,460 

Johnson  

80,204 

Keokuk ....           .... 

825 

825 

6.620 

6,620 

26.970 

33,490 

Kos8uth 

Lee fi 

2,220 

8,010 

510 

2,820 

8.010 

510 

18,760 

21, 170 

8,630 

14,600 
21. 170 

800 

A.7ft2 

14,000 

Linn 8 

27,922 

Louii'-a 

2l 

8,680             8;75U 

7.880 

STONE. 
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TABLE  III.— COKTINUED. 


COUNTIES. 


BBTCK  IN 

THOUBANDS. 

• 

M 

2 

V 

o 

s , 

t 

§ 

0^ 

"8 

R| 

a 

£ 

5* 

g 

vALUs  or 

BRIOK. 


I" 


& 


V 


o 
p 


§ 

9 


9 

s 

3 


o 


Lucas 

Madison 

Mahaska 

Marion 

MarshalL 

Mills 

Monona 

Montgomery . . . 

Muscatine 

O'Brien 

Page.  

Pocahontas 

Polk 

Pottawattamie . 

Poweshiek 

Ringgold  .... 
fia-f 

Scott 

8hel'#7 

Sioax        

Story 

Tama .... 

Taylor 

Uidon  

Van  Buren 

Wapello 

Warren 

Washington  .... 

Wayne 

Webster  

Winneshiek 

Woodbury 

Wright 

Single  producers 

Total 


1 
I 

5 
4 
8 
4 

•  •  •  • 

4,408 
1.610 
4,t«9 
1,900 

7,448 
1,610 
4.929 
1.900 

1 
6 
8 
1 
R 
2 

19 
7 
R 
2 
2 
6 
1 
2 
6 
6 
4 
2 
4 
8 
1 
8 
6 
9 
2 
6 
4 

28 

828 

•  •  «  « 

2,808 
4.070 

•  ••• 
2,928 
4,970 

4.000 

4,000 

84,880' 

10.818 

608 

1.100 

876 

8.681 

'    1.600 
704 
4.200 
1,180 
1.010 
960 
8,610 

'"4i.'260 

11,118 

608 

1.100 

876 

4.681 

1,600 
7M 
6,687 
1,180 
1.016 
9.50 
9,461 

•                •  «  • 

2.768 

1.860 
10.888 

1.026 

26,116 

126 

9,288 

■  ■  •  • 

2,768 

1.860 
11.888 

1.086 

26.686 

126 

9.828 

224.142 

194,872 

82,866 
11,680 
81,762 
14,100 


28.161 
88,600 


88.000 


100.944 

70.891 

4.784 

8.80O 

8,686 

88.827 

7,800 

^617 
27.627 

8,478 
16,268 

0.900 
69.680 


18,748 
9,880 

66,400 

7.000 

186.880 

1.000 

78.187 


SI.  400. 091 


68.206 
11,68U 
81.702 
14.100 


28.611 
82.600 


88,000 


878,067 

78,441 

4.7  4 

8.8U0 

8.625 

88,827 


7.800 

6.97: 
42,500 

8,47? 
16,26S 

6,900 
68,792 


18.748 
9.860 

72.41(1 

7,000 

199. 7&i 

1.000 

74.634 


61.716,200 


12.660 

8.600 

28,600 


1.061 
4.486 


4.000 

48.860 

81.797 

460 

9.060 


l.Oiti 


17.700 
14.600 


l.OoO 


18.870 


10.204 

6.400 

186.869 


6.807 
17.900 
81,879 


61.009,068 


I   1,000 
""6,942 


6,100 
7.040 


181.26  ft 
600' 


4.860 


180 
'i"210  * 


71.882 


18.968 
*"6C6 


76,766 
16,180 
61,864 
14,100 

'29.702 
48.966 


88.000 

48.860 

698,018 

78.891 

14.814 

8.800 

2.626 

89.177 


7.  00 
28.677 
67.000 

8,478 
17.888 

6.900 
88.272 


29.087 
14.760 

286.141 
7.000 

824,406 
18,900 

110,466 


1807.460  18,068.688 


STONE. 


The  stooie  production  shows  a  decline  as  compared  with  the 
,  two  years  preceding,  probably  due  to  the  continued  wet  weather. 
The  production  for  1903  was  distributed  as  follows: 

Limestone  used  for: 

BuildiDg  purposes $204,769 

Flagging 2,388 

Curbing 2,318 

Paving 9.087 

Lime 113.195 

Rubble 65.307 

Riprap :   ...     37,096 
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Crushed  stone: 

Roadmaking 63,637 

Railway  ballast 12,243 

Concrete 68,763 

Miscellaneous 2,158 

Sandstone 17,004 

$597,965 

Table  IV  givies  the  production  by  counties  and  specifies  the 
various  grades  of  stone  put  upon  the  market. 

TABLE    No.    4. 
PRODUCTION  OF  LIMESTONE  BY  COUNTIES  FOR  1903. 


Counties . 


Ml 

P 

? 

n 


MP' 

as. 

o 

"Si 


•d 

.2  « 
IS. 


1 
I 

o 

8 

3 


Adams 

Allamakee... 
Appanoose  .. 

Benton 

Black  Hawk 
Bochanan..., 

Cedar      

Cerro  Qordo 

Clarke 

Clayton 

Clinton 

Dallas 

Decatur , 

Delaware 
Des  Moines.. 

Dubuque 

Fayette 

Floyd 

Grundy  

Hamilton.... 

Hardin 

Henry 

Howard 

Humboldt  .. 

Jackson 

Johnson 

Jones 

Keokuk 

Lee. 


Linn , 

Louisa 

MahaKka 

Marion  

Marshall 

MitcheU 

Monroe 

Montgomery 

Pocahontas 

8co(t 

Tama , 

Van  Buren 

Wapello 

Washington 

Single  producers 


150 

075 

12.068 


11,668 

18,022 

606 

6,688 

1,006 

20.126 

2.017 

4,900 

972 

11.194 
6.b75 
8,000 


9,704 


890 
1.807 
1.027 

800 
48,021 
1,786 
4,096 
7,210 
2,016 


00 

■  •  ■  « 

1,818 


254 

128 

640 

40 

2,490' 

220 

46 

1,960 


450 


22 


4 

iw 


668 

270 

1,890 


6.107 


240 

10,241 

6.217 

12,666 


Total ll»04.76C 


416 

12 

6.808 


I  •  •  •  ■  •  "  • 


76 

■  •  ■ 

106 


1,860 
4,600 


2,076 


I  •  •  •   •  •  •  ■ 

>  •  ■  •    •  •  • 


18,600 
1,600 


76,910 


26 


41,062 


82 

100 

2.777 


1.826 

•   •  •    a 

80 


20 


8 


76 


6 


12.000 


1,760 


S1H,798   SI  18. 195 


616 

1,120 

1,828 

22 

1,200 

600 


<  •  •  » 


11,618 


860 


1,216 


2,806 

16.000 

19 


2,400 


11,426 
'    '450 


60 
7*688' 


8.046 

0.610 

8 


4.670 


8.978 
17,' 461 


tm.esrr  m.(m  «i02.406 


86 

600 

60 

26 


8.611 
469 
100 

8,188 
748 


14 

120 

6,880 

16,168 


60 

1,720 

25.782 

188 

1,696 

6,208 

860 


200 


150 
7,186 

•         •    ■  •  «  • 

27,274 


296 


660 


1,289 


60 


470 

710 

1,166 

16.492 


60,782 
84,146 


11,586 
4,670 

20,126 
8,760 
6,240 
7,877 

64.961 
7,876 
6,060 


9,720 


894 

1,807 
77,812 

8,100 
78.066 

1,087 
21.670 
81,618 

8,406 


2,418 

478 

1.890 


82,870 


890 

2>,266 

6.217 

68,876 


I?.  168  1670.961 


GYPSUM,  LEAD    AND   ZINC. 
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THE  P.IODUOTION  OF  SAtTDSTONB  BY  COUNTIES  FOR  1903,  IS  SHOWN  IN  TABULAR 

FORM  BEiLrOW. 


Counties, 


Number  of 
Producers. 


Buildiug. 


Rubble, 

Riprap , 

etc. 


Total, 


Clayton 

Des  Moines 

Fayette 

Jones 

Lee 

Scott 

Tama 

Webster 

Single  Producers 


Total 


2 

1 
1 
1 
3 
1 
1 
2 


12 


$      3,095 


816 


500 
1.641 


$      6.053 


$ 


267 


487 


10,000 
198 


$    10.952 


$    3.362 


1.303 


10.500 
1.839 


$  17.004 


GYPSUM. 

The  price  of  gypsurai  products  shows  a  considerable  advance 
over  that  for  the  preceding  year.  The  amount  marketed  wafi 
also  somewhat  greater  than  for  1902.  The  output  of  gyp®um'  was 
reported!  to  be  166,713  tons  of  crude  gypsumi  valued  at  $317,326 
and  sold  as: 

TONS  VALUff. 

Wall  cement  or  plaster 87.397  $411,503 

Plaster  of  Paris 30.306  100. 74 

Land  plaster 2.098  9,227 

Crude  Gypsum 703  1,534 

Total 120.504    $523,008 


LEAD  AND  ZINC. 

The  lead  industry  about  Dubuque  still  continued  to  decline. 
The  outlook  for  1904  is  much  more  promising  as  the  amount  of 
ore  marketed  befone  July  1st  exceeded  that  for  the  entire  pre- 
ceding year.  A  small  quantity  of  zinc  ore  was  produced  but 
none  was  sold.  Prospecting  and  development  work  continues. 
The  output  of  lead  was  as.  follows : 

Galena  120,450  pounds  sold  for  $3,013. 

No  zinc  was  put  upon  the  market  during  1903. 
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Absorption  tests,  5G4,  G08. 
Acknowledgments,  642. 
Adams  county,  415. 
Adair  county,  415. 
Administrative  report,  1. 
Advantages  of  hollow  blocks,  599. 

paving  brick,  602. 
the  open  heater,  365. 
Alkalis.  66,  336. 
Allamakee  county. 
Alluvium,  48. 
Aluminum  and  iron,  335. 
Alternate  specifications  for  boiler  66"  x 

18',  358. 
American  Brick  and  Tile  Co..  109.  398. 
Ames  and  Kelly  brick,  579. 
Analyses  of  clays,  42,  52,  55,  112,  131, 

219,    220,    223,  224.  226, 

228.    229, 

322,    323, 

386,    387, 

396.    398, 

426,    431 

465,    468, 

475,    489, 

506.    510, 

540.    541 

548,    549. 
coal.    262,    2G3,    264,    265, 

266,  267,  370. 
fuel  gases,  268. 
Iowa  coals,  370. 

Appanoose  county,  415. 

Arey ,  M .  F . ,  6 . 

Aron,  Dr.,  97. 

Augusta  stage.  The,  409. 

Automatic  clay  gatherer,  157. 

indenting  brick  cutter,  198. 


231.  232,  233, 

324,  325.  330, 

389,  392,  393, 

401,  406,  422, 

437,  438,  445, 

471,  472,  473, 

499.  502,  505, 

512,  513,  518, 

543,  545,  546. 


Bain,  H.  F.,  cited,  463. 
Ball  mills,  174. 
Barringer,  L.  E.,  219. 
Besley  Brick  Company,  109,  116,  577 ."" 
tested,  577, 

Beyer,  S.  W. ,  4. 

Clay  and  clay  industries 

of  Iowa,  27. 
Directory  of  Iowa  clay 

workers,  621. 
Geology  of  clays,  376. 
Mineral  production   for 

1902,  7. 

Mineral  production    for 

1903,  647. 
Technology  of  clays,  29. 

Beidermann,  92. 

Bi<chof.  Dr.  Carl.  98,  100,  119. 

Formula  of,  135. 

Bissell,  G.  W.,262. 

Clays  and  clay  indus- 
tries of  Iowa,  27. 

Selection ,  installation 
and  care  of  power 
plants.  347. 

Calcium,  336. 

Calculation  of  results,  619. 

Calhoun  county,  509. 

Calorific  power  of  Iowa  coals,  371. 

Calvin,  S. ,  6. 

Administrative  report,  3. 

Work  in  Winneshiek  county  ,6, 
Campbell  Brick  and  Tile  Company,  508. 
Capital  City  Brick  and  Pipe  Company. 
109,  116. 

Tests  of  clays  of,  604. 

Carboniferous  period,  402. 
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Castings  of  boilers,  357. 

Centerville  Brick   and  Tile  Company, 

417. 
Cerro  Gordo  county,  396. 
Changes  which  occur  in  the  burning  of 

clays,  274. 
Chemical  analyses  of  clays,  330,  333. 

Value  of,  339. 
Chemistry  of  clays,  319. 
Chemistry  of  rock  composition,  322. 
Classes  of  clays,  325. 
Classification  of  clays,  37. 
Buckley's,  39. 
Ladd's.  37. 
Orton's,  40. 
Clay  county,  549. 
Clay  crusher,  166.  167. 
disintegrators,  168. 
Fire,  44.  325. 
Flint,  45. 
red,  The,  532. 
Slip,  223. 

Workers,  Directory  of  Iowa,  621.    • 
Clays,  Bonding  power  of,  85. 

Changes  which  occur  in   burn- 
ing of,  274. 
Colors  of ,  70,  340. 
Composition  and  chemical  prop- 
erties of,  52. 
Definition  of,  35. 
deposited  from    running  water, 

68. 
deposited  in  still  water,  44. 
Feel  of,  72. 

Fineness  of  grain  of,  116. 
Fire,  44. 

Fusibility  of,  123. 
Fusion  tests  of.  147. 
Physical  properties  of ,  69. 
Plasticity  of ,  46,  87. 
Porosity  of.  109,  112,  113. 
Preparation  of  raw,  163. 
Shrinkage  of.  103. 
Slaking  of,  72. 
Specific  gravity  of,  114. 
Strength  of,  74. 
Structure  of,  69. 

Clay  wares.  Burning  of,  261. 
Drying  of,  234. 
Processes  in  the  manufac- 
ture of,  32. 


Clay  wares  produced    in    1902,   Value 

of,  18. 
produced   in    1903,    Value 
of.  651. 

Clayton  county, ^385. 

Clermont  Brick  and  Tile  Company,  109. 

Clinton  county,  387. 

Coal,  12. 

produced  for  1902,  14. 
produced  in  1903,  652. 

Coal  Measures,  410. 

Cold  water  feeder,  362. 

Colesburg  potter's  clays,  109. 

Pottery  Company,  388. 

Combustion  of  fuel.  261. 

Comparison  of  brick  tests,  571,  592. 

Composition  of  pholerite,  52. 

Compression  tests  on  brick,  562. 

Cones  Seger,  table  of  fusing  points,  141. 

Construction  of  boilers,  357. 

Construction  of  open  feed-water  heat- 
ers, 366. 

Continuous  kiln,  315. 

Continuous  tunnel  drier,  252. 

Corey   Pressed   Brick    Company,    109, 
116,  506. 

Cratty,  R.  I..  6. 

Cream  City  Brick  and  Tile  Company, 
401. 

Cretaceous  period,  509. 

Crushing  tests  of  brick,  608. 

Cutting  tables,  197,  201. 

Dale  Brick  Company,  109,  116. 

tested,  578. 
Dallas  county,  424. 
Decatur  county,  430. 
Definition  of  clays,  35. 
Dehydration,  275. 
Delaware  county,  388,  529. 
Des  Moines  county.  403,  429. 
Desirable  types  of  boilers,  353. 
Determination  of  alkalis,  336. 

aluminum,  335. 

calcium,  336. 

clays,  334. 

fern's  oxide,  338. 

magnesium,  336. 

sulfur,  339.  , 

titanic  oxide,  339. 
Devonian  period.  The,  395. 
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Dimensions  of  boilers,  356. 

machines,  618. 
Direct  radiation,  255. 
Directory  of  Iowa  Clay  Workers,  621. 
Disintegrators,  168. 
Down  draft  kilns,  292. 
Drain  tile,  213. 

and  hollow  block,  231. 
Dry  pans,  170. 

Dry  methods  of  clay  preparation ,  163. 
Dry  pressed  brick,  209,  229. 
Drying  of  clays,  234. 
Drying  by  fuel  burned  for  the  purpose, 

256. 
Drying  by  radiation  from  heated  brick 

works,  258. 
Drying  by   radiation  from   heated  sur* 

faces,  259. 
Drying  by  waste  gases,  257. 

Earthenware,  232. 

Effect  of  chemical  composition  on  fusi- 
bility of  clays.  129. 

Effect  of  physical  condition  on  fusibil- 
ity of  clays,  132. 

Effective  power  calculated  in  engines, 
373. 

Eldora  Pipe  and  Tile  Company,  473. 

End-dumping  clay  car,  161. 

Engines,  373. 

Fairbanks  cement  machine,  80. 
Fayette  county,  393. 
Feed- water  heaters,  362. 
Feldspar,  57. 
Ferrous  oxide,  338. 
Fireclay,  325. 
Firing  of  boilers,  369. 
Fittings  of  boilers,  357. 
Flint  Brick  Company,  109. 

Clay  tests  of,  604. 
Floyd  county.  400. 
Formation  of  clays,  185. 

clay  wares,  185. 
Foundation  for  engines,  374. 
Franklin  county,  402. 
Fremont  county,  432. 
Freezing  and  thawing  tests,  565. 
Freezing  tests,  Results  of,  590. 


Galena-Trenton  limestone,  383. 

General  consideration  of  clays,  234. 

Geological  distribution  of  clays,  381. 

Geology  of  clays,  378. 

Gethmann  Bros.  Brick  Co. ,  109,  560. 

Analysis  of  clay.  545. 

Glazing,  Stoneware,  218. 

Bristol,  225. 

Salt,  219. 

Slip,  223. 

Temperatures  of,  47. 
Grand  Junction  brick  tests,  578. 
Grand  Junction  brickyard,  578. 
Granite  Brick  Company,  109,  404. 

Test  of  brick  of ,  604. 
Greene  county,  432. 
Gumbo,  The,  534. 
Guthrie  county,  433. 
Gypsum  production  in  1902,  26. 

production  in  1903,  655. 


Haigh  continuous  kiln,  522. 
Hamilton  county,  435. 
Hardin  county,  436. 
Hatt,  W.  K..616. 
Haworth,  E.,  93. 
Hedzfeld,  92. 
Hollow  blocks,  213,  231. 

Advantages  of,  599. 

Tests  of,  600. 
Holman  &  Brother  brick  plant,  517. 

Clay  pit  of,  517. 
Honestone  quarries,  439. 
Horizontal  type  soft  mud  brick  machine, 

190. 
Hoskin's  mufHe  furnace,  81. 
Hot  floor  dryer,  249. 
Hubinger  Brick  Works,  410. 
Humbdldt  county,  440. 


Illinoian  drift.  The,  528. 
Impurities  in  clays,  55. 
Inclined  stationary  screen,  179. 
Inclined  vibrating  screen,  180. 
Incrustation  on  brick  walls,  341. 
Indirect  radiation,  255. 
Inspection  and  test  of  boilers,  357. 
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Iowa  Brick  Company,  468. 

Clay  analysis  of,  471. 

Clay  pit  of,  470. 

Clay  tests  of,  604. 
Iowa  coals,  Study  of,  262. 
lowan  drift,  The,  528. 
lowan  loess,  The,  538. 
Iron  in  glaze,  58.  335,  548. 

Jasper  county,  440. 

Jaw  type  of  rock  crusher,  164. 

Jefferson  county,  441. 

Jester,  B.  B.     Fire  clay  of,  113,  116. 

Johnson,  J.  B,  616. 

Jolly,  Potter's,  216. 

Kansan  drift,  The.  526. 
Kaolinite,  Composition  of ,  35. 

Origin  of,  36. 
Kelly  Brick  and  Tile  Works.  Pit  of,  539. 

Clay  of  579. 
Tests  of  brick 
of,  583,  593, 
595. 
Keokuk  county,  444. 
Key  to  kinds  of  brick,  559. 
Kilns,  Types  of ,  288. 

Continuous,  314. 
Downdraft,  292. 

Direct  rectangular,  309. 
Direct  round,  292. 
Muffle,  313. 
Up-draft,  289. 

American  scove,  289. 
English  clamp,  289. 
Pottery,  290. 
Muffle,  291. 
Kinderhook  stage.  The,  403. 

Ladd.  G.  E..  99. 
Lagging  of  steam  pipes,  374. 
Langenbeck,  99,  329. 
Lead  production  in  1902,  26. 

in  1903.  655. 
Lee  county,  407.  446. 
Leonard,  A.  G,  6. 
Lime  in  clays,  62. 

production  in  1902,  22. 
in  1903,  653. 


Limestone  production  in  1902.  23. 

in  1903,  654. 
Loam,  49. 
Loess,  529. 

Analysis  of,  545,  546. 
deposited  by  winds.  51. 
The  lowan,  538. 
Lucas  county,  447. 
Macbride,  T.   H.,  6. 
Machinery  of  power  plants,  352. 
Madison  county,  447. 
Magnesium,  65,  336. 

sulfate,  (6. 
Mahaska  county,  450. 
Manner  of  testing  brick,  575. 
Manufacture  of  brick,  185,  212. 

drain  tile.  185.  212. 
hollow  block,  212. 
pottery,  185,  215. 
sewer  pipe,  214. 
Maquoketa  shales,  384. 
Marion  county,  452. 
Marston.  A.,  27,  555,  616. 
Mason  City  Brick  and  Tile  Co. ,  400. 

Analysis  of   clay  of,  396. 
Pit  section  of,  396. 
Testsofbrickof,  578,579, 
583,  586,  587,  595.      , 
McBirney,  J.  F.,  574. 
Meirill  Brick  Co.,  Plant  of,  476. 

Pit  section  of,   475. 
Testsofbrickof,  604, 
608,  612,  617,  620. 
Methods  of  expressing  fusibility,  133. 
firing,  372. 

measuring  fusibility,  136. 
plasticity,  96. 
preparing   clay    for    fusion 
tests,  144. 
used   in  rational  analysis,  327. 
Mica  in  clays,  57. 
Minter,  J.  E.,  214. 
Mineral  production  of  Iowa  for  1901,9. 

for  1902,9. 
for  1903,647. 
Moisture  in  clays,  334. 
Monroe  Brick  and  Tile  Company,  441. 
Monroe  county,  454. 
Montgomery  county,  457,  511. 
Muffle  down  draft  kilns,  313. 
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Hnltiple  stack  kiins.  312.  | 

Mnscatine  coanty,  459. 

National    Brick    Man'f's.  Association, 

208.  613.  614,  6:7. 
Nichols.  P.  I.,  574. 
Northwestern     Sewer     Pipe    and    Tile 

Company.  520. 

Pit  section  of,  520. 
Norton,  W.  H..  4. 
Number  of  producers   of   minerals  in 

1902.  II. 

Number  of   producers  of    minerals   in 

1903,  64S. 

Object  of  analyses  of  clays,  326. 
of  rational  analysis,  326. 
of  ultimate  analysis.  325. 
Oneota  limestone.  382.  : 

Open  air  drying  of  clays.  247. 
Open  feed -water  heaters,  364. 
Advantages  of,  365. 
Construction  of,  366. 
Requirements  of,  367. 
Origin  of  clays,  35. 

Orton,  Edw.,  Jr..  cited.  40,  41.  77,  91,  . 
223.  606.  ' 

Page  county.  461. 

Percentage  of   fuel   saved    by    heating 

feed-water,  364. 
Periodic  or  chamber  dryer,  250. 

kiln,  314. 
Physical  properties  of  clay,  69. 
Plastic  clay,  325. 
Plasticity  of  clays,  87. 
Piatt  Pressed  and  Fire  Brick  Company, 

424. 

Analyses  of  clay  of,  426. 

Pit  sections  of,  425. 

Tests  of  brick  of,  559. 
Pleistocene  period ,  The,  525. 
Plymouth  couoty,  512. 
Pocahontas  county,  550. 
Polk  county.  463. 
Porcelain  clay.  325. 
Porosity  of  clays,  lOJ. 
Portland  cement.  5. 
Post- Wisconsin.  552.  | 


Pottawattamie  county,  513. 

Potteries  at   Sioux   City  and  Sargents 

Bluff,  522. 
Pott«ry,  Manufacture  of,  215. 
Powerhouse.  The,  351. 
Power  plants,  Selection  of,  349. 
Poweshiek  county,  477. 
Practical  consideration  in  drying  clays, 

244. 
Pre-Ransa'n  or  Albertan  stage,  526. 
Preparation  of  raw  clays,  163. 
Primary  or  residual  clays,  40. 
Processes  in  the  manufacture  of   clay 

wares,  148. 
Production  of  clay  goods  in  1902,  17. 

in  1902.  651. 
of  coal  in  1902,  12. 
in  1903.  650. 
of  gypsum  in  1902,  26. 
in  1903,  655. 
of  lead  and  zinc  in  1902,  26. 

in  1903,655. 
of  stone  in  1902,  22. 
in  1903.  653. 
Properties  of    clays  used  in  manufac- 
ture, 226. 

to    be  observed  in  selection 
of  engines,  373. 
Pug  mill,  176. 
Pyrometer,  La  Chatelier's,  139,  146. 

Quarries,  Honestone,  439. 
Quarrying,  152. 

Raney  Bros    Brick  and  Tile  Plant,  443. 
Section  of  clay  pit  of,  443. 
Rating  formula,  595. 
Rational  analysis  of  clays,  327.344,345. 

Object  of,  326. 
Rattler  test  of  pav.ng  brick,  613. 
Specifications  for,  617. 
Table  of,  620. 
Rectangular  down  draft  kiln ,  309. 
Red  clay,  532. 

Report  of  State  Geologist,  3. 
Repressing,  202. 

Advantages  of,  208. 
Effects  of.  206. 
Requirements  of  open  heater,  367. 

of  power  plants.  350. 
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Results  of  absorption  tests,  589. 

freezing  tests,  590. 

rattler  tests,  613. 

transverse  tests,  587. 

tests  of  Ames  brick,  597. 

tests  of  Council  Bluffs  brick, 
588. 

tests  of  Goodwin  brick,  590. 

tests   of     Grand    Junction 
brick,  591. 

tests  of  Kelly  brick,  593. 

tests  of  Mason  City  brick,  586. 

tests  of  Webster  City  brick, 
588. 
Revolving  screen ,  183. 
Riveting  boilers,  356. 
Robinson,  W.  S.,  426. 
Rolls  for  clay  crushing,  165. 
Rotary  screens,  181 . 
Round  down  draft  kilns,  292. 

Sac  county,  514. 
Saint  Croix  sandstone,  383. 
Saint  Louis  limestone,  410. 
Saint  Peter  sandstone,  383. 
Salt  glazing,  219. 
Savage,  T.  E.,6. 
Scott  county,  479. 
Screens,  179. 

Dunlap,  The,  184. 
Inclined  stationary,  179. 
Inclined  vibrating,  180. 
Rotary,  181. 
Secondary  clays,  44. 
Section  at  Ack worth,  491 

Barber  Asphalt  Co. ,  473. 

Bear  creek,  484. 

Bevington,  449. 

Big  Spring,  388. 

Birch  creek ,  441 . 

Bluff  creek,  454. 

Boone  Clay  Works,  420. 

Booneville,  424. 

Burlington  Junction,  462. 

Butlerville,  461. 

Carlisle,  492. 

Cedar  creek,  442. 

Centerville,  415. 

Chariton  creek,  448. 

Clermont,  391. 


Section  at  Coal  cre«k,  453. 

Coalville,  449,  503. 

Competine  creek,  444. 

Cottonwood  Mills,.  427. 

Danville,  430. 

Davenport  Brick  and  Paving 
Company,  479. 

De  Kalb,  429. 

Delta,  445. 

Des  Moines,  463. 

Douds  Station ,  483. 

Eldora,  436. 

Elrick  Junction,  408. 

Fate  Quarry,  459. 

Flint  brickyards,  470. 

Ft.  Dodge  Clay  Works,  497. 

Ft.  Dodge  Brick  and  Tile 
Company,  496. 

Gifford,  439. 

Glendon,  435. 

Graf,  391. 

Granite  Brick  Company,  404. 

Grant  City,  510. 

Green  bush,  493. 

Guilford  township,  456. 

Hackberry  Grove,  396. 

Hamburg,  432. 

Hanging  Rock,  428. 

Hawarden,  515. 

High  Bridge,  429. 

Indian  creek,  482. 

Iowa  Falls,  440. 

Iowa  Pipe  and  Tile  Co.,  477. 

Keokuk,  409. 

Kime  brickyard,  495. 

Lake  creek,  510. 

Le  Claire  Brick  and  Tile 
Company,  481. 

Lehigh,  508. 

Lehigh  Brick  and  Tile  Com- 
pany, 505. 

Liberty  township,  443. 

Linden,  428,  434. 

Lynville,  441. 

Manchester,  529. 

Martinsburg,  446. 

Mason  City  Brick  and  Tile 
Company,  396. 

Merrill  Brick  Plant.  476. 

Middle  Raccoon,  428.  , 


INDB^t. 


66B 


Section  at  Mucbakinock,  451. 

Muscatine.  461. 

Nevada,  482. 

Northwestern  ,  Sewer    Pipe 
and  Tile  Company,  520. 

Oak  Park,  466. 

Oskaloosa,  451,  452. 

Ottumwa.  485. 

Panora,  434. 

Parish.  430. 

Pleasant  township,  454. 

Prospect  Hill,  404. 

Raccoon,  424. 

Raccoon  River,  473. 

Rand  park,  446. 

Red  creek,  407. 

Red  Oak.  511. 

Riverside  mine,  433. 

Rockford,  401. 

Sargents  Bluff,  516. 

Sheffield,  402. 

Sioux  City  Paving  Brick  Co., 
520. 

Sioux  township,  511. 

Spring  Hill,  493. 

St.  Charles,  448. 

Sugar  creek,  487.  488. 

Summit,  492. 

Sweetland  township,  460. 

Union  township,  490. 

Villisca,  459. 

Walnut  creek,  419. 

Whitebreast   creek,  447,  453. 
Seger's  formulae,  242. 
Seger  volumeter,  115. 
Selection,  installation  and  care  of  power 
plants,  347. 

of  power  plants.  350. 
Self -oiling  bearings,  374. 
Semi- muffle  furnace.  291. 
Sewer  pipe,  232. 

Manufacture  of.  214. 
Sewer  pipe  or  slatted  floor  drying,  249. 
Shale  pit  of  Mason  City  Brick  and  Tile 

Company,  397. 
Shaking  grate,  353. 
Shrinkage  in  clays,  103. 
Side-dumping  clay  car.  160. 
Silica  in  clays,  55. 
Silurian  period.  The,  395. 


Single  stack  kilns,  293,  310. 

Sioux  City  Brick  and  Tile  Co..  522. 

Sioux  county,  514. 

Sioux  Paving  Brick  Company,  520. 

Slaking  of  clays.  72. 

Slip  glazing,  223. 

Smith.  George  A.,  574. 

Smith's  method  of  determining  alkalis. 

337. 
Soaking  pit,  177. 

Soaking  pit  and  wooden  pug  mill,  186. 
Soft  mud  brick,  185,  227. 
Specifications  for  horizontal  return   of 

tubular  boiler,  356. 
for  standard  method    of 

conducting  rattler  tests, 

617. 
Specific  gravity  of  clays,  114. 
Stewart.  J.  E.,  574. 
Stiff  mud  brick,  185,  228. 
Stiff  mud,  192. 
Stone  produced  in  1902,  22. 

in  1903.  653. 
Stoneware,  233. 

glazing,  218. 
Storm  Lake  Brick  and  Tile  Compan}', 

109. 
Story  county    481. 
Strength  of  clays,  74. 
Structure  of  brick  tested,  580. 

of  clays,  69. 
Sulphur,  339. 
Summary  of  clays,  260. 

of  brick  tests,  573. 
Surface  digging,  151. 

Table  of  Seger 's  cones.  141. 

showing  comparative    results  of 

brick  tests,  595. 
showing  fusion   temperatures   of 

Iowa  clays,  147. 
showing  numerical  value  of  rattler 
tests,  620. 
Talbot,  A.  N.,  614.613. 
Taylor  county ,  482. 
Technology  of  clays,  29. 
Temperature  of  fusion  of  clays,  147. 
Tensile  strength  of  clays,  83. 
Tests  of  clay  products,  557. 

dry  press  building  brick,  558, 


664 


INDEX. 


Tests  of  hollow  blocks,  (00. 

Iowa  common  brick,  574. 
Iowa  paving  brick,  601. 
Titanic  oxides,  338. 
Topographic  work  of  the  U.  S.  Survey, 

4,  5. 
Transmission  belts,  375. 
Transportation  of   raw  clay  to  works, 

156. 
Transverse  tests  of  Iowa  brick,  563. 
Tubes  and  braces  of  boilers,  356. 
Types  of  kilns,  288. 

Udden,  J.  A. ,  6. 
Udden,  Jan  Andreas,  6. 
Ultimate  analyses  of  clays,  344. 

Object  of,  326. 
Uncommon  constituents  in  clays,  68. 
Union  county,  483. 
Up  draft  kilns,  289. 
Use  of  exhaust  steam  in  heating  drying 

room,  375. 
Uses  of  limestone,  22. 

Value  of  chemical  analyses,  339. 

of  clay  products  1902,  18. 

1903,  651. 

of  coal  products  1902,  14 

1903,  650. 

of  gypsum  1902,  26. 

1903;  655. 

of  lead  and  zinc  1902,  26. 

1903,  655. 

of  stone  1902,  22. 

19C3,  653. 

of   total    mineral  production 

1902,  9,  11. 

1903,  647,  648. 


Valve  dampers,  305. 
Van  Buren  county,  483. 
Ventilation,  376. 

Vertical  type  of  soft  mud  machine,  189. 
of  stiff  mud  machine,  193. 
Villisca  Brick  and  Tile  Company,  4.S9. 
Vitrification  of  clays,  283. 

Wapello  county,  484. 

Warren  county.  490. 

Washington  county,  408. 

Wayne  county,  494. 

Webster  City  Brick  and  Tile  Company, 

435. 
Webster  City  brick  tested,  577. 
Webster  county,  494. 
Weems,  J.  B.,  319,  642. 
Wet  method  of  clay  preparation ,  175. 
Wet  pan,  175. 
Wheeler,  cited,  52,  90,  93. 
Wheeler's  formula,  136. 
Whitney.  Professor,  cited,  SO,  119. 
William's  disintegrator  and  pulverizer, 

169. 
Williams,  I.  A. ,  6. 

Clays  and  clay  industries  of 
Iowa,  27. 

Directory  of  Iowa  clay  work- 
ers, 621. 

Geology  of  clays,  376. 

Technology  of  clays,  29. 
Winneshiek  county,  394. 
Winning  of  raw  clays,  148. 
Wisconsin  drift.  The,  547. 
Woodbury  county,  515. 
Work  in  Winneshiek  county,  6. 
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